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FIFTY-PLUS COMMITTEE 


“The Mineralogical Society of America in 1926 received a magnificent 
endowment gift of $45,000 from Colonel Washington A. Roebling, who 
expressed the desire that the whole, or a part of it, be devoted to the publi- 
cation of The American Mineralogist. The society has never received an- 
other endowment gift. To some members of our society, it has seemed 
wrong that we coast along indefinitely on this one gift. It is only because 
of this endowment, plus the substantial annual subsidy we receive from 
the Penrose Fund of the Geological Society of America, that we are able 
to publish the Journal at its present modest price. However, ideas about 
raising more endowment funds have centered on large gifts. Many of 
our members would be glad to help, but are able to make only modest con- 
tributions. Our society has 365 foreign members, and also many younger 
members (including students) whose incomes are relatively low; it might 
work a hardship on these to raise the price of our Journal. On the other 
hand many of our members enjoy incomes such that they need not have 
their subscription costs subsidized. To this group the opportunity to join 
the Fifty-plus Committee may seem desirable.” 


The above statement is part of a letter sent out last November to about 
g00 members by a volunteer group consisting of go Fellows. They set out 
to form a “Fifty-plus Committee.’ Each member was to pledge at least 
$10.00 per year for five years. If 100 members joined this would mean at 
least $5,000 and quite possibly double that amount. Through the efforts of 
this committee, the total pledged is already approximately $10,000 from 
about 100 members. 


It is obvious that a strong feeling exists among our membership that 
this is a timely campaign, and it seems that a general appeal should result 
in at least 250 members. If any member wishes to join, please address a note 
to our Treasurer, Miss Marjorie Hooker, stating that you pledge $10.00 
(or more) per year for five years. (Several have paid not less than $50 as a 
single pledge. Already about $2,000 in cash has been received.) 


It would seem that with a little more effort, we could reach a total of 
$25,000. This is well within the potential of our membership, and would 
serve as a great stimulus to go out after a much larger endowment fund 
by the time of our golden anniversary in 1969. Such an endowment would 
give us real economic stability. We could plan and carry out ideas for the 
advancement of the mineralogical sciences hardly dreamed of at present. 
Colonel Roebling’s faith in us would be more than realized. 


If you would like to have a part in this effort, please send your pledge 
without delay. We hope to print the names of the members of the com- 
mittee in the next issue of our Journal. 
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SOME TEXTURAL FEATURES OF MAGMATIC 
AND METASOMATIC ROCKS* 


G. E. GoopspEED, University of Washington, Seattle 5, Washington. 


ABSTRACT 


The textural features of magmatic rocks have been described with the emphasis placed 
upon their relationship to the crystallization sequence of the magma. Examples have been 
chosen from the basaltic and diabasic dikes in the vicinity of Cornucopia, Oregon, the 
shonkinite-granite porphyry sequence at Yogo Peak in the Little Belt Mountains of 
Central Montana, and a few other localities. The textural differences of the orthomagmatic 
as compared to the late magmatic or deuteric pattern of crystallization have been noted. 
Where it has appeared that the deuteric fraction had been involved in mass flowage the 
term deuteromagmatic is suggested. 

For metasomatic rocks, textural features to illustiate various stages of crystal growth 
have been described, such as the development of porphyroblasts, glomeroblastic aggre- 
gates, and the final crystalloblastic pattern. Most of the examples are taken from occur- 
rences near Cornucopia, Oregon, and Buffalo Hump, Idaho, with a few references to other 
localities. 

The textural features resulting from the mobilization of metasomatized rocks, such as 
rheomorphic dikes and rheomorphic breccias have been briefly noted. These commonly 
show magmatic textures superposed on metasomatic ones. For many igneous rocks, how- 
ever, later crystalloblastic textures are superposed on the earlier orthomagmatic textures. 
Textural features alone are not always adequate for petrogenetic interpretations but for 
some occurrences like granitic intrusions they may furnish clues as to whether the body 
has evolved from an orthomagma or from mobilized metasomatized material, namely a 
neomagma. 


INTRODUCTION 


The title of this address might suggest that textural features alone 
could form the basis for distinguishing a rock of magmatic descent from 
one of metasomatic lineage. Such an implication is not intended since 
many other features contribute toward adequate genetic interpretations. 
Chief among these is that of the geologic setting, including the more im- 
mediate field relations of the rock mass. Indeed the petrographic study 
of rocks in thin sections, and especially in large thin sections, may be 


* Address of the retiring President of the Mineralogical Society of America at the 39th 
meeting of the Society at St. Louis Missouri, November 7, 1958. 
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likened to a field study of a much contracted area but one which never- 
theless may furnish many data of genetic importance. 

Textural features of igneous or metamorphic rocks, as seen under the 
petrographic microscope, may be thought of as a pictorial record of the 
struggles of individual minerals to adapt themselves to the changes of 
their environment. Some textural patterns may resemble a naturalistic 
painting or design and these usually afford the basis for a ready explana- 
tion of origin. Other textural patterns, however, are more like modern 
art, and their interpretation from a genetic standpoint is influenced 
by the experience and imaginative ability of the viewer. 

Many years ago Holmes (1921) stated: ‘““Every texture and structure 
is a hallmark stamped on a rock by some process through which it has 
passed, and one of the most important objects of petrological study is 
the correlation of individual textures and structures with processes, and 
of the combinations of textures and structures with the succession of 
processes in time.’’ More recently Barth (1952), in reference to meta- 
morphic rocks, made this comment: “A great many textures can be 
interpreted in a variety of ways, depending upon the dominant belief of 
the observer.” In a recent paper on the regional metamorphism and 
granitization in the Central Pyrenees, Zwart (1958) quite rightly points 
out that textural features are second order criteria. He states: ““The oc- 
currence of a so-called igneous texture versus a crystalloblastic texture 
says, of course, nothing directly about the mode of emplacement of the 
granite. Together with many other observations it may be important, 
but it will never have such a conclusive value as observations which are 
concerned with the emplacement itself.” 

Two contrasting environmental conditions must be considered; first; 
the growth of crystals from a liquid silicate melt or from a pasty, but 
mobile magma, and second, the development of minerals by metamor- 
phic processes in a solid rock. 

As a magma cools and crystallizes, the earlier minerals are formed in an 
environment conducive to the development of well-formed crystals, 
then as the initial fluidity dwindles, the later minerals are restricted by 
the earlier ones which are also subjected to magmatic reactions. In the 
final stages of consolidation minerals may form in a nearly solid medium. 
Many small igneous rock bodies such as diabase dikes display textural 
features which clearly indicate varying rates of cooling as well as the 
intersertal or intergranular textures which are good records of the 
magmatic stage of crystallization. Some of these occurrences also show 
textural features resulting from the crystallization of the late magmatic 
stage or of the deuteric fraction, and these commonly resemble the crys- 
talloblastic textures of metasomatic rocks. 
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In metasomatic rocks, however, minerals are formed in an essentially 
solid medium by reactive penetrating solutions or emanations under 
conditions of rising temperature. This means that a growing crystal 
develops by pushing aside, surrounding, or replacing the original minerals 
of the metamorphic rock or by a combination of these processes. Hence, 
the initial crystalloblastic textures displayed by these growing crystals 
are quite different from those textural features resulting from the early 
stages of magmatic crystallization. 

With continued increase in temperature, some metamorphic rocks may 
become mobile and their final stages of crystallization will be quite 
similar to that of some rocks formed from a fluid magma, so that their 
textural features will look like those of rocks of orthomagmatic descent. 
This convergence of textural features in rocks of diverse modes of origin 
means that it might be most difficult if not impossible to make adequate 
genetic interpretations based on textural features alone. Such is the case, 
unless the preservation of earlier formed minerals or relict textural fea- 
tures can furnish some clues pertinent to the genetic history of the rock. 
In other words, do the earlier formed minerals or relict textural features 
indicate crystallization from a magma or do they suggest an earlier 
period of metamorphism? The question as to whether or not the earlier 
minerals represent an earlier magmatic or metamorphic stage is further 
complicated by the fact that many minerals can be precipitated from a 
magma by a decrease in temperature or can be formed during meta- 
morphism by increasing temperature. Mineral associations and their 
textural features may aid in such interpretations. 

At present, textural features are largely descriptive, and genetic in- 
terpretations are much influenced by assumptions as to whether a 
particular rock is of magmatic or metasomatic origin. Neomagmatic 
rocks formed by rheomorphism have intrusive field relations and are 
properly classed as igneous, although their line of descent is through 
metasomatism rather than from an orthomagma. 

In the future it is hoped that many textures of rock-forming minerals 
will be produced synthetically under known and controlled conditions 
of temperature and pressure, thus affording more accurate data for 
genetic interpretations. 


TEXTURAL FEATURES OF THE TERTIARY BASALTIC AND DrABAsic DIKES 
AT CORNUCOPIA, OREGON 


General field relations of the Tertiary dikes 


One of the most conspicuous geologic features of the Wallowa Moun- 
tains of Northeastern Oregon are the numerous Tertiary basaltic and 
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diabasic dikes which transect the older sedimentary, metamorphic and 
granitic rocks. In the vicinity of the old mining town of Cornucopia, which 
is in the southeastern portion of the Wallowas, the dikes stand out as 
dark brownish bands in vivid contrast to the light-colored granites. 

In discussing the basalt dikes of the Blue Mountains of Oregon, Wal- 
demar Lindgren wrote, ‘‘But in no place are they exposed on such a 
magnificent scale as in the Bonanza Basin near Cornucopia” (W. Lind- 
gren, 1901). Not only are the dikes well exposed on the steep walls of 
glacial valleys and cirques, such as the Bonanza Basin, in this rugged area 
of nearly 5000 feet of relief, but they have been revealed in many of the 
underground mine workings including several long adits having a total 
length of over 18,000 feet. An area of about two square miles in the 
vicinity of Cornucopia is crossed by over forty basalt and diabase 
dikes with a prevailing northerly or northeasterly trend. At lower eleva- 
tions most of the dikes have steep dips and transect the conjugate joints. 
At higher elevations many of the dikes follow these westerly or easterly 
dipping joints. The dikes range in width from 25 to 100 feet and usually 
have parallel walls, although local widening and changes in strike and dip 
are characteristic where they have intruded planes of weakness, such as 
some of the vein shear zones. The relation of the dikes to the veins were 
very accurately mapped by H. F. Anderson and J. P. Dunn in connection 
with their work for the Cornucopia Gold Mines Company and have been 
described by Fredrickson (1950). 

It is apparent that there was more than one episode of dike injection; 
earlier diabasic dikes are transected by basaltic dikes which in turn are 
cut by later diabase dikes and then by basalt dikes. The fine-grained basal- 
tic dikes commonly exhibit well defined columnar structure and are more 
resistant to weathering than the coarser grained diabasic dikes. Many 
of the dikes have narrow glassy selvages, usually only a fraction of an 
inch in width, others do not have these selvages but are finely crystalline 
at the actual contact with the wall rocks. The finer-grained borders of 
some of the dikes are, locally, two or three feet in width. There is also a 
marked contrast in grain size between the dense basalt dikes and the 
course-grained diabase dikes. The main mechanism of intrusion was one 
of dilation, and where the walls are parallel, earlier rock units and dikes 
transected at acute angles display appropriate offsets. 

A few miles north of Cornucopia in a 200 square mile area of the 
Northern Wallowa Mountains, H. W. Smedes (1959) has recently 
mapped about 160 Tertiary basaltic and diabasic dikes, over 30 of which 
range from one to three miles in length with one nearly four miles long. 
Here, too, the dikes have a northerly trend, some northeasterly or north- 
westerly, and only four with an east-west strike. Almost all of these 
dikes are nearly vertical or have steep dips. 
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This display of Tertiary volcanism leaves little doubt that the dikes 
were originally feeders for some of the near-by extensive lava flows of the 
Columbia River Basalts. In an area two miles northeast of Cornucopia, 
H. F. Anderson mapped 22 flows averaging 40 to 50 feet thick forming a 
ridge having an elevation of about 7100 feet. He also noted 10 more flows 
on a higher ridge 7 mile to the north. Although in the Cornucopia area 
no distinct exposures have been found to show the actual merging of a 
dike into a flow, such a one was described by Fuller (1927) in western 
Idaho on the canyon walls of Rock Creek, a tributary of the Salmon 
River. Here, some seventy miles northeast of Cornucopia, there is a re- 
markably good outcrop of a multiple dike which definitely extends up- 
ward and laterally into flows. 

The general structural pattern of these Tertiary dikes as well as their 
association with extensive basaltic flows leaves little doubt that they 
were caused by fracturing so profound as to permit the upwelling of 
locally liquid sima. The fine-grained borders of the dikes probably rep- 
resent the rapid chilling of the initial upward surge of magma and also 
served as insulators to retard heat losses as the dike fissures became con- 
duits for the free-flowing magma. The coarse-grained central portions 
of the dikes represent the relatively slower cooling of the final phase of 
the magma. 

With very few exceptions, the Cornucopia dikes are quite free from 
inclusions so that their crystallization was not complicated by the effects 
of contamination and assimilation. These effects, however, are very 
noticeable in one dike which is filled with inclusions for about 100 feet 
back from its wedge-shaped lateral termination. Some of the dikes do 
show deuteric features and a few contain later veinlets with low tempera- 
ture minerals. None of the dikes have suffered from extraneous meta- 
morphism. 


Textural features of the magmatic stage of crystallization 


The relatively simple mode of occurrence of these Tertiary dikes as 
well as their nearly uniform composition means that the textural fea- 
tures can furnish some clues, not only with regard to the initial physical 
state of the eruptive magmas, but also with respect to their crystalliza- 
tion sequence which in most of the dikes was uninterrupted by any addi- 
tion of foreign material. The data for these textural features was obtained 
by the study of thin sections from several hundred specimens taken from 
surface and underground exposures and diamond drill cores. 

In his Descriptive Petrography of the Igneous Rocks, Johannson 
(1939) makes this statement with regard to basalt and diabase: “In the 
United States it is customary to call dikes or intruded sheets of basaltic 
composition ‘diabase’ since they usually have ophitic texture, but there 
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is no reason why they should not be called basalt dikes, if desired, since 
the mineral composition is exactly the same, and there may be no dif- 
ference in texture.’ Yet one of the most noticeable textural features of 
the Cornucopia dikes is the difference in grain size between the dense 
basaltic dikes and the coarse-grained diabase ones. For example, a thin 
section of a specimen from near the center of a dense basalt dike 30 feet 
wide discloses a mat-like aggregate of labradorite microlites (0.2 to 0.08 
mm.) with numerous interstitial clouded grains of mafics (0.05 mm.) 
and magnetite with about three per cent of brown glass. An area of one 
square millimeter contains 490 mineral grains: 160 plagioclase micro- 
lites, 230 grains of mafics and 100 grains of magnetite. In contrast to this 
high concentration of centers of crystallization in basalt, a thin section 
from the central part of a coarse-grained diabase dike, 20 feet wide, 
shows on an average of 15 crystals or parts of crystals per square milli- 
meter: i.e. 4 labradorite, 5 mafics, 6 magnetite. 

Several years ago, H. F. Anderson (personal communication), who 
was at that time the resident geologist of the Cornucopia Gold Mines, 
came to the conclusion that the state of the magma in the underlying 
reservoir prior to injection was a determinative factor in reference to the 
final textural features of the basalt and diabase dikes. He pointed out 
that at Cornucopia some large dikes have a basaltic texture and others a 
coarse diabasic texture and also that some of the nearby Tertiary lava 
flows are fine-grained basalts and others coarse-grained diabases (Fig. 1). 

As stated by Turner and Verhoogen (1951, p. 43), small crystal grains 
have a higher chemical potential than larger ones, so that for a slight 
degree of undercooling only large nuclei are stable. Hence, in a greatly 
undercooled magma the resulting rock. would show many crystal grains 
representing crystallization centers which were unable to form larger 
individuals because of a rapid increase in viscosity. Under conditions of 
a slight degree of undercooling larger crystals will form at the expense 
of small ones. 

Since it is probable that the Tertiary basaltic and diabase dikes of this 
region were successively intruded over a considerable length of time, 
it is reasonable to assume that there may have been some variation in the 
temperature of the source pockets of magma in the liquefied sima. More- 
over this might also account for some slight differences in chemical com- 
position of the successive dike intrusions. 

Recently (1958) J. F. Lovering in a paper on the nature of the Mo- 
horovicic discontinuity has suggested that ‘“The eclogitic material which 
originally existed between the original and final levels of the discontinuity 
will transform to basaltic material with a volume increase of something 
like 15 per cent. It is the volume increase which then provides the mech- 
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anisms for raising the overlying crustal column relative to adjacent 
regions under which the Mohorovicic discontinuity has been unaffected.” 
Under this hypothesis variations in composition of the eclogitic material 
would be reflected in the composition of the basaltic material which, 
also due to the 15 per cent increase in volume, would have a greater 
irruptive potentiality. 

The fine-grained borders of the dikes represent the rapidly cooled ini- 
tial magma, and they commonly contain a few euhedral crystals of lab- 
radorite and pyroxene in a glassy or very fine-grained groundmass. Most 


Fic. 1. Photographs (ordinary light) of four thin sections from diamond drill cores of 
basalt dikes (above) and of four thin sections from specimens of Cornucopia diabase 
dikes (below). 


of the plagioclases are clear, twinned, and relatively free from fractures. 
Flow alignment shows that these crystals were originally free swimming 
in mobile liquid environment. Some narrow (3 to 4 inches) dike apophy- 
ses show skeleton crystals of the dominant minerals. 

The textural features displayed in thin sections of specimens from the 
central parts of many of the dikes are the record of the consolidation of 
the final surge of magma at the cessation of the fissure eruption for which 
a particular dike was the feeder. The magma at that time may have been 
partially crystallized with numerous relatively large individual crystals; 
or it may have had, as in the case of the basaltic dikes, a great many very 
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small crystals. The coarser-grained diabase dikes have intersertal, sub- 
ophitic, or intergranular textures commonly modified by porphyritic 
textures. 

Many of the porphyritic varieties show glomerophyric aggregates of 
large tabular labradorite crystals ranging from rather loosely grouped 
ones to very compact groups which approach the form of a single crys- 
tal. This suggests the possibility that feldspar crystals during a mobile 
stage of the magma preceding consolidation collided with one another 
and that some of them became stuck together in a haphazard arrange- 
ment. The material included in the triangular interstitial spaces of these 
aggregates depends upon the state of crystallization of the magma at 
the time and place of their formation. 

Rectangular inclusions of glass or earlier pyrogenetic minerals are 
noticeable in many phenocrysts; and, in general, these inclusions are ar- 
ranged parallel to the 010 faces of the labradorite phenocrysts. It seems 
quite probable that some of these crystals have been built up by the at- 
tachment and welding of smaller crystals. Where the weld is perfect, no 
material is included; if, however, two or more smaller crystals adhere to 
the tabular surface of the 010 face but fail to grow together, they will be 
separated by a rectangular re-entrant filled with the mesostasis (Fig. 2). 
Then if other crystals grow across this gap, the mesostasis is completely 
enclosed and becomes an inclusion which represents the state of the 
mesostasis at the time and place of the formation of the phenocrysts. In 
other words, a phenocryst of intratelluric origin would include material 
quite different from the mesostasis surrounding the phenocryst. Inclu- 
sions of glass are quite common; some consist of glass and pyrogenetic 
minerals or of pyrogenetic minerals alone. In some cases, as will be noted 
later, what look like inclusions may be the result of magmatic replace- 
ment. 

The preference for growth along the 010 face of labradorite appears to 
be contingent upon its tabular habit when crystallized from a magma. 
Buerger (1947) in his paper on the relative importance of crystal faces 
states: “When a molecule lands on the crystal surface so as to continue 
the crystal structure, then the energy of the bond between the molecule 
and the crystal is (to first approximation) proportional to the area of the 
surface joining the molecule to the crystal. If several sites on the crystal 
are available, the preferred site (neglecting differential thermal effects) 
is the one with maximum bond strength. With the simplifying assump- 
tions of this section, this is the site which offers the greatest area of at- 
tachment between crystal and molecule.” 

It should be pointed out that by no means all labradorite phenocrysts 
have a mode of growth as suggested above. Many, no doubt, develop as 
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single crystals. Niggli (Parker translation, 1954) mentioned the effect 
that seed crystals have in promoting crystallization. He wrote: “It is a 
general rule that the formation of nuclei settling on a solid surface of any 
kind requires less work than does the formation of freely suspended 
nuclei” (p. 469). 

Although most of the feldspars in the Tertiary dikes display sharp 
outlines, a few of them in some of the diabase dikes have ragged borders 


Fic. 2. Photomicrograph (plane light) of labradorite phenocrysts in basalt, Cornucopia, 
Oregon. Note: on the marked 1.7 mm. crystal the two smaller (0.2 mm.) attached crystals. 


in contact with pyroxene. These outlines are apparently caused by mag- 
matic corrosion. In some sections the paragenesis is clearly shown by the 
cusp-like borders of the mafics against the feldspars and also by the 
apparent penetration of mafics along the albite twinning planes. Where 
the apices of these cusps happen to be truncated by the plane of the thin 
section, the plagioclase looks as if it had included numerous small 
rounded mafic crystals; whereas, in reality, the final crystallization of 
the mafics is later than that of the feldspars. Some of these corroded 
plagioclases show thin delicate relics which extend into the mafic-rich 
groundmass, thus indicating that, at this stage of crystallization, the 
magma was in a rather static non-mobile state. 

Another feature of most of the larger plagioclases is the presence of 


220 G. E. GOODSPEED 


numerous irregular fractures which in some phenocrysts have an irregu- 
lar veined-network pattern (Fig. 3). In some glomerophyric groups the 
fractures cut across the component feldspars and also penetrate glass 
and mafic mineral inclusions. Johannsen (1939) mentions fractures in 
plagioclase in basalt and states: “‘Cleavage on (010) and (001) often 
shows, and there may be cross-fractures along no special face, as well.” 
In a more recent paper C. A. Zapffe, C. O. Worden, and Carl Zapffe 


Fic. 3. Photomicrograph (ordinary light) of part of a thin section of the matrix of the 
contaminated dike. Note the inclusions in the glomerophyric aggregate of labradorite and 
the irregular fractures. X30. 


(1951) have shown many interesting fractographs of minerals including 
the feldspars. Most of the small plagioclases, 0.1 to 0.2 mm. are devoid of 
fractures although some of them are slightly fractured. These fractures 
play an important role in the final stages of the crystallization history in 
that they provide minute channelways for late magmatic and deuteric 
alteration. In a few of the plagioclases the fractures form a pattern of 
closely spaced parallel lines and are perhaps similar to what has been de- 
scribed as lineage structure. 

Several possibilities may be suggested to explain the origin of the frac- 
tures in the plagioclases: 

(1) The crystal mesh of the cooling magma may have been subjected 
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to a uniform internal stress which was resisted by the criss-cross pattern 
of the feldspars characteristic of the diabases. A possible analogy is the 
decussate structure found in some metamorphic rocks. 

(2) Crystallization of the pyroxenes pushing apart as well as partially 
replacing some of the earlier plagioclases may also have contributed to 
the internal stress of the almost completely crystallized magma. 

(3) Some of the larger feldspars may have been of intratelluric origin 
and thus formed under conditions of considerable pressure. The sudden 
diminution of this pressure as the crystals were transported upward in 
the dikes to where a much lower pressure prevailed might cause an ex- 
pansion in the crystals thus producing fractures. 

(4) Some of the fractures may be similar to lineage structure. Based on 
evidence derived from artificial crystals, several interpretations regard- 
ing the origin of lineages have been advanced. Tuttle and Twenhofel 
(1946) suggest that crystals grown at higher temperatures, and hence 
under conditions of greater agitation and energy, have fewer structural 
defects than those grown at lower temperatures. 

(5) Additional internal stress might be produced at the initial stage 
of the development of a deuteric fraction with its complement of less 
dense and hydrous minerals. At a slightly later stage deuteric products 
permeate the previously formed fractures in the plagioclase crystals and 
may cause more fracturing (Fig. 3). 

The possibilities just listed are by no means mutually exclusive, but 
petrographic data are not sufficiently definitive to draw conclusions as 
to which play dominant roles. Future work on the textural features de- 
veloped under known conditions from artificial melts would be of much 
aid in clarifying this problem. 

Next to the plagioclases the most abundant minerals of these Tertiary 
dikes are pyroxenes. Of these augite and pigeonite are the most common 
varieties, with a few representatives of the enstatite-diopside series. 
Euhedral pyroxenes are characteristic of the finer-grained border zones 
of the dikes. In the central parts they occur either as interstitial anhedral 
grains or as larger anhedral individuals surrounding the net of earlier- 
formed feldspars. 

The next most abundant mineral is magnetite which occurs in small 
discrete grains and also more conspicuously in the form of large irregular 
shaped grains molded around the plagioclases and other earlier formed 
minerals. Therefore, magnetite can be interpreted both as early mag- 
matic and late magmatic in origin. 

Several other minerals are present in minor amounts in a few of the 
dikes. Olivine occurs in its usual rounded shape and commonly shows 
some alteration along cleavage cracks. Brown hornblende, of rare occur- 
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rence, forms discontinuous zones around pyroxene and partially re- 
places pyroxene where it follows the original outline of this earlier formed 
mineral. Relict islands of pyroxene are noticeable in some of the horn- 
blende. The hornblende is embayed by late magmatic magnetite. In a 
few sections incipient skeletal feldspars can be seen in pockets of glass- 
residium. Perhaps some of the very few quartz grains in some of the 
dikes can also be considered to be late magmatic since they exhibit sharp 
boundaries and appear to have crystallized before the rock became a 
solid crystalline aggregate. 


Textural features of the deuteric products 


In addition to the minerals of the magmatic sequence most of the 
Tertiary dikes contain paulopost alteration products which usually 
occur interstitially or as replacements of the earlier formed pyrogenetic 
minerals or the glass residuum. A few of the basalt dikes appear to be 
free from alteration but some contain about five per cent and the diabase 
dikes usually have about 10 per cent of deuteric alteration products. 
These products have a wide variation in composition; greenish chloritic 
or brownish chlorophaetic material are the most common; micropegma- 
titic and myrmekitic intergrowths are conspicuous in some of the dia- 
bases, as well as tremolite, zeolites, carbonate, hydromica, and rarely a 
reddish micaceous mineral. 

The intergrowths also vary considerably in occurrence; some are as- 
sociated with interstitial quartz grains and some appear to have replaced 
an originally glass residuum. As a rule the finer myrmekitic intergrowths 
have replaced some of the plagioclases, either partially or wholly, with 
the intergrowth following but preserving the forms of the earlier feld- 
spars. These relict outlines indicate that the rock was essentially solid at 
the time of the myrmekitic replacement. 

In several dikes the deuteric fraction is noticeable in the field in the 
form of narrow irregular light-colored veinlets which are usually nearly 
parallel to or coincide with the columnar jointing. The material in these 
veinlets is quite similar to the deuteric products which occur intersti- 
tially, although it usually has a slightly different textural pattern. 

A 2X2 thin section taken from a specimen from the central part of a 
diabase dike 30 feet wide, exposed in the lower adit of the mine, shows 
one of these narrow (1 mm. in width) veinlets. The groundmass of this 
veinlet has a slightly pinkish tinge and is so fine-grained that under low 
power magnification it appears to be nearly isotopic. Under high power, 
however, it is seen to consist of an aggregate of minute grains of quartz, 
untwinned feldspar and a considerable amount of fine dust-like ma- 
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terial which appears to be chiefly brown biotite. In this very fine grained 
groundmass are some relatively larger grains of quartz and feldspar and 
patches of micropegmatite. Some of these feldspars are albite and a few 
are orthoclase. Many of them are filled with minute inclusions of the 
very fine dust-like material of the groundmass. Some are quite anhedral, 
having amoeboid outlines with crenulated borders extending into the 
fine grained groundmass. A few of the albite crystals, however, are quite 
clear with sharp borders and have rectangular U-shaped outlines. The 
veinlet also contains a few crystals or fragments of labradorite crystals 
from the diabase. The pyrogenetic labradorite is commonly rimmed with 
albite and this also holds for those parts of the labradorite crystals which 
extend into the veinlet from the adjacent diabase. 

Another noteworthy feature of this veinlet is the presence of a con- 
siderable amount of pinkish-brown mica which occurs in very small 
flakes with some suggestion of crystal faces. There are, however, several 
euhedral crystals of biotite, and some of these are included by the clear 
feldspars and by the albitic rims of the labradorite. Within the veinlet 
irregular patches of micropegmatite have formed late in the crystalliza- 
tion sequence since they not only surround the other minerals but also 
partially or wholly replace some of the late-forming feldspars as can be 
seen by the survival of the former outline of these crystals. Minor 
amounts of magnetite, chloritic material and carbonate are also present 
in the veinlet. 

The textural features and the mineral composition of this veinlet are 
similar to those of some of the deuteric products of the diabasic magma. 
It consists of that part of the deuteric fraction which instead of remain- 
ing in the crystal mesh of the diabase become mobile enough to flow into 
a fracture, thus forming the veinlet. The crystallization sequence of the 
deuteric material in the veinlet seems to have ranged from a stage of ini- 
tial mobility to that of crystallization in a nearly solid medium. Since 
this material apparently behaved like a magma, although clearly deu- 
teric in origin, it is suggested that the term deuteromagmatic might be 
more appropriate than either magmatic or deuteric. The chloritic ma- 
terial and carbonate in this veinlet may be explained as local hydrother- 
mal products formed during the final stage in the crystallization sequence 
of the deuteromagma. 

Other minute veinlets consist of very low temperature minerals such 
as zeolites, carbonate, and chalcedonic quartz, and exhibit textural fea- 
tures indicative of hydrothermal deposition. They may have been formed 
during the closing stage of magmatic or deuteric crystallization. Another 
feature which may be accounted for by hydrothermal action are the 
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minute vermiform quartz veinlets seen along the contacts of some of the 
dikes transecting granitic rock. These minute quartz veinlets extending 
from the dike into the granitic rock penetrate between and surround the 
constituent crystals thus producing a ring-like pattern. It is possible 
that some of the water for these hydrothermal solutions came from the 
wall rocks. 


TEXTURAL FEATURES OF A CONTAMINATED DIABASE DIKE 


Most of the Tertiary diabase dikes which cut across Cornucopia 
Mountain are through-going ones without lateral terminations and are 
essentially free from inclusions. One dike, however, is unique in that it 
does end abruptly and that it is filled with inclusions adjacent to its 
termination. This dike, exposed high up (7250’) on the steep walls of a 
glacial valley two miles west of the old townsite, has a width of 25 feet, 
a north-south trend and a 40° westerly dip. It transects quartz-dioritic 
country rock and is parallel to and locally in contact with one of the 
gold-quartz vein zones of the area. Fine grained chilled borders which 
are free from inclusions line both walls of the dike as well as its wedge- 
shaped northerly extremity. For a hundred feet south of here the central 
part of the dike contains so many angular xenoliths of granitic country 
rock, of silicified hornfels (which does not outcrop in the immediate 
vicinity) and xenocrysts of quartz and feldspar that it is lighter in color 
than the inclusion free main part of the dike to the south. Where the 
quartz xenocrysts are abundant the rock might easily be mistaken for a™ 
dacite were it not for the presence of reaction rims around the quartz 
grains. 

Most of the xenoliths, which average four to five inches in size, are 
haphazard in their distribution in the central part of the dike, and show 
no preferred orientation. Some larger (2X13 X4 feet) granitic xenoliths 
are, however, roughly parallel to the walls of the dike. Thin sections of 
specimens taken along the borders of one of these slab-like granitic frag- 
ments show small (5 mm.) embayments of the diabasic matrix into the 
xenolith. Here small laths of plagioclase display a rough flow alignment. 
A few millimeters further into the xenolith the diabase forms a network of 
small veinlets which penetrate around the quartz and feldspar crystals of 
the granitic xenolith. About 10 mm. further into the xenolith these vein- 
lets (0.1 to 0.5 mm. in width) show a gradual increase of secondary prod- 
ucts with a concomitant decrease of pyrogenetic minerals, so that their 
composition is quite similar to that of the deuteric fraction locally 
abundant in the mesostasis of this dike. The secondary products are very 
fine grained in texture and consist chiefly of somewhat plumose aggregates 
of micropegmatitic intergrowths with numerous needle-like crystals of 
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tremolite, some grains of magnetite, minute flakes of a pinkish mica, a 
little secondary quartz, a few clear untwinned feldspar crystals and in- 
determinable grains of mafics and brownish micaceous minerals. 
Although the initial fractures which became the pathways for the 
network of veinlets may well have been caused by the heat of the dia- 


_ basic magma, the dominant mechanism appears to be one of replacement. 
_ The evidence for this is especially clear with respect to those of the deu- 
_teric fraction. These veinlets show cusp-like indentations against the 
_ quartz grains with rather sharp contacts and no reaction rims, although 
along some parts of the boundaries the veinlets contain very minute dis- 


connected lines of fine dust-like material. Along other parts of the bound- 


aries, however, thin slivers of quartz protrude into the veinlets, and 


some grains of corroded quartz have bizarre shapes with two larger parts 
connected by a thin link. A few of the quartz grains are traversed by 
very minute (0.004 mm.) microveinlets of zeolite. 

The plagioclase crystals of the xenolith also show similar replacement 
features where they are in contact with the veinlets, except that they 
are not as conspicuously embayed as the quartz grains and that most of 
them retain their rectangular shape but with rounded corners. Some of 
them show a penetration of the deuteric fraction along the albite twin- 
ning planes with thin relics of the lamellae extending into the veinlets. 
Adjacent to the veinlets several of the feldspars display rough irregular 
patches of a mosaic-like or fretwork-like structure and some of the small- 
er ones are completely matted by a very fine (0.004 mm.) fretwork. A 


_ few of these are replaced by clear secondary feldspars in the form of 
clear, minute (0.02 mm.) rectangular or hollow square crystals. 


Quartz grains and plagioclase crystals detached from the deuterically 
altered granitic xenolith are engulfed as xenocrysts by the igneous ma- 
trix. These xenocrysts display superimposed textural features that are 
clearly indicative of magmatic reactions at relatively higher temperatures 
than those of the deuteric fractions. Similar features also occur with re- 
spect to xenocrysts of quartz and plagioclase distributed at random 
throughout the dike. The most noticeable of these features are the reac- 
tions rims of pyroxene around the quartz xenocrysts. The rims are from 
0.1 to 0.2 mm. wide and the small, closely packed prisms of monoclinic 
pyroxene (probably diopside) are arranged radially, tangentially, or at 
other angles with respect to the quartz xenocrysts (Fig. 4). Most of these 
reaction rims include a few grains of magnetite and rarely minute eu- 
hedral crystals of a brown micaceous mineral. A few of the small pyrox- 
ene crystals penetrate slightly into the xenocrysts so that minute ap- 
pendages of quartz extend into the reaction rims. In some thin sections 
there are roughly rounded aggregates of pyroxene crystals similar to 
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those in the reaction rims. Some of these may represent the complete 
magmatic replacement of a quartz xenocryst and others merely the outer 
part of a reaction rim. 

Reaction rims of pyroxene do not occur around plagioclase xenocrysts, 
but other features produced by the magma are quite noticeable. These 
include rounded and irregular borders, and a finely fretted texture 
(0.01 mm.) which is coarser than that produced by the deuteric fraction. 
The borders of some of these xenocrysts appear to have started to dis- 
integrate into innumerable minute blocks (Fig. 4). Other plagioclase 
xenocrysts are partially or wholly covered by a fine fretwork; and where 


Frc. 4. Photomicrograph (plane light) showing xenocrysts of quartz and plagioclase 
from a thin section of a specimen from the contaminated dike. The 3 mm. quartz xenocryst 
(center) has a reaction rim of prisms of pyroxene. The xenocrystic plagioclase shows 
various stages of disintegration. Note the fretwork developed in one of the xenocrysts of 
plagioclase. 


this occurs there is commonly a narrow (0.1 mm.) border of clear plagio- 
clase similar in composition to the unaffected portions of the xenocrysts. 
Most of the plagioclases of the quartz-dioritic wall rock are in the oligo- 
clase-andesine range of composition. The interstitital part of the fretwork 
in some of the plagioclase xenocrysts consists of extremely fine grains 
(0.002 to 0.06 mm.) of minerals of high refringence and birefringence with 
numerous small euhedral crystals of magnetite as well as some rod-like 
or staff-like forms of this mineral. 


ee 


TEXTURAL FEATURES OF MAGMATIC AND METASOMATIC ROCKS 227 


Some of the plagioclase xenocrysts show recrystallization effects such 
as the development of ragged porphyroblasts of monoclinic pyroxene, 
irregular interlocking patches which have a faint birefringence suggestive 
of feldspathic recrystallization, and the transformation of a few of the 
xenocrysts into a fine mosaic of clouded feldspar crystals. In contrast to 
this type of recrystallization, some small xenocrysts are changed into a 
checkerboard aggregate of several hundred subhedral, blocky, clear, 


_ twinned andesine (An35) crystals averaging about 0.02 mm. square. 


Some of these are oriented at right angles to the extinction position of 


_ the original xenocryst, but most of them have an over-all conformity to 


the original crystal. Some of these checkerboard aggregates show a zigzag 
penetration of pyroxene in and around some of the small compact crys- 
tals. Where these small plagioclase crystals break away from the irregu- 
lar borders of the aggregate, they merge into and become a part of the 
igneous matrix of the dike thus indicating assimilation without melting 
into a glass. In some of the plagioclase xenocrysts, however, the inter- 
stitial part of the fretwork contains several very small (0.1 to 0.01 mm.) 


irregular drop-like forms of a brown, isotropic, nearly opaque material 


which corrode the feldspar in minute cusps. They appear to be glass, and 


| if so, represent a local incipient melting of the xenocrysts. 


In addition to these effects of recrystallization, disintegration and 
assimilation of xenocrystic material, this dike displays many noteworthy 


_ features with respect to its conspicuous deuteric fraction. Deuteric prod- 


ucts are not only noticeable in the mesotatis, but also occur in irregular 
segregations, veinlets, and amygdules. The relationship of the mesostasis 
to an amygdule is well shown in one thin section where a small (2 mm.) 


| round aggregate contains numerous thin (0.7 mm. long) crystals of clear 


oligoclase and monoclinic pyroxene. Some of these pyroxenes are almost 
wholly replaced by granular magnetite. The material between these 
larger crystals is light brown in color and is peppered by innumerable 
minute mineral grains of high refringence and birefringence and magne- 
tite in small crystals of dust-like or rod-like forms. Numerous microlites 
of oligoclase, some grains of pyroxene, minute plumose clusters of zeolites, 
patches showing faint ill-defined extinction are also present. One-half of 
the border of this round aggregate is clearly defined against the igneous 
matrix by several curved crystals of oligoclase (0.2 to 0.4 mm. long) 
whereas the other half, not as well marked, shows locally a merging of the 
deuteric fraction of the igneous matrix into the aggregate. 

Another larger (5 mm.) round amygdule is well shown in a large thin 
section cut from an inclusion rich specimen taken near the hanging wall 
of the dike. The deuteric fraction filling this amygdule consists chiefly of 
a plexus of incipient feldspar microlites (0.3 mm. long) with some inter- 
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stitial zeolites and brown mesostasis which has a very faint birefringence 
and is filled with extremely minute opaque dust-like material. Within 
this amygdule is a smaller one (3 mm. in diameter) consisting of zeolites, 
and there are also several small (0.2 mm.) similar amygdules along part 
of the periphery of the host amygdule and some small irregular veinlets 
of zeolite. This section also contains a few small amygdules consisting 
chiefly of zeolites (Fig. 5). 


Fic. 5. Photograph (ordinary light) of a 6X7 cm. thin section of a specimen from the 
hanging wall of a contaminated diabasic dike. Note the irregular xenoliths of quartz 
granulite and siliceous hornfels which are recrystallized and partly disintegrated, and a few 
quartz xenocrysts surrounded by a narrow (0.1 mm.) reaction rim of pyroxene. Scattered 
through the section are numerous rounded or irregular patches of xenocrystic plagioclase 
in various stages of assimilation. In contrast are the sharp rectangular crystals of pyro- 
genetic labradorite. Note also the two round (light colored) amygdules of zeolites sur- 
rounded by an outer amygdule of the dark colored deuteric fraction. 


These features suggest that the deuteric fraction was not only able to 
seep into a vesicle but was also locally capable of forming a vesicle which 
became filled with the final products of its crystallization sequence. At 
this late stage of crystallization the deuteric material appears to have 
changed into a local hydrothermal solution. This is suggested by several 
other features such as the previously described vermicular veinlets, and 
the alteration of the pyrogenetic labradorite phenocrysts. Many of these 
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crystals show the penetration of zeolites along minute irregular fractures 
and cleavage cracks accompanied by varying degrees of replacement 
(Fig. 3). 


\ 


SOME TEXTURAL FEATURES OF Macmatic Rocks 
FROM VARIOUS LOCALITIES 


In the Cornucopia diabase dikes the textural features of the ortho- 
magmatic sequence of crystallization is, in general, quite distinct from 
that of the deuteric fraction. In many other basic igneous rocks which 
occur in much larger bodies, and, therefore, have a longer consolidation 
period, it is not always a simple matter to distinguish strictly magmatic 
textures from those of the crystallized deuteric fraction. Moreover, in 


some igneous masses, later extraneous metamorphism may impose quite 


different textural features and so make the textural pattern more com- 


| plicated. 


_ Sudbury, Ontario. 


For example, many thin sections from specimens of the noritic part of 


_ the Sudbury, Ontario, intrusive show alteration to such an extent that 


only a few relics of the original mafics remain and even the plagioclases 
are partly seritized. The amount of micropegmatitic intergrowths as seen 
in some of these sections is far greater than that which might be expected 
from a normal crystallization sequence of a gabbroid magma. The normal 
sequence of crystallization is, however, illustrated by the textural fea- 
tures and mineral composition in a few specimens from certain localities 
near Sudbury. One of these specimens taken about 500 feet from the foot- 


_ wall of the intrusive body north of the Murry mine is a good example of 
_ the unaltered norite. It is a dark gray, medium grained crystalline rock 
consisting chiefly of clear tabular plagioclases (with a maximum length of 


5 mm.) with interstitial mafics and a few flakes of brown biotite. In thin 
section it is seen to consist of about 58 per cent labradorite An51, 23 per 
cent pyroxene and a little hornblende, 9 per cent alkalic feldspar, 6 per 
cent biotite, 3 per cent quartz, and 1 per cent opaques. The labradorite 
laths average 1 to 2 mm. in size, have a haphazard arrangement, and 
some of the larger ones show a few irregular fractures. Pigeonite (0.4 
0.61 mm.) is the dominant pyroxene although some hypersthene is 
present. Some of the pyroxene is interstitial to the labradorite, some in- 
cludes labradorite crystals showing a subaphetic texture, and some em- 


bays the plagioclase along cleavage cracks. Green hornblende forms rims 


around some of the hypersthene and also shows replacement textures 
against the pigeonite. Brown biotite mostly in solid patches exhibits 
boundaries indicating that it has partially replaced some of the horn- 
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blende, pyroxene, and plagioclase. A few flakes of biotite are embayed 
by quartz and a small one (0.2 mm.) showing some crystal faces is sur- 
rounded by quartz. The clear untwinned alkalic feldspar which has a 
small (—) 2v and is probably sanidine, looks like the quartz which, how- 
ever, is optically positive. Both of these minerals occupy interstitial posi- 
tions with respect to the other minerals. In contrast to most of the Sud- 
bury “norite” this specimen contains only an extremely small amount of 
micropegmatitic and myrmekitic intergrowth: one very small crystal of 
plagioclase is partially replaced by a myrmekitic intergrowth and is sur- 
rounded by clear alkalic feldspar which is in an interstitial position to 
labradorite. The opaques are magnetite, pyrrhotite, and pyrite. One 
irregular aggregate of pyrrhotite (2 mm. in size) shows replacement cusps 
against the labradorite and also penetrates between some of the labra- 
dorite crystals. This aggregate of pyrrhotite is transected by a few mi- 
nute (0.01 mm.) veinlets of micaceous minerals and is also partially 
rimmed by them. Another irregular aggregate (1.01.5 mm.) is entirely 
enclosed by biotite, but the borders between these minerals indicate 
that the biotite has been partially replaced by the sulphide. A few small 
grains of pyrite are rimmed with magnetite, and magnetite has partially 
replaced both biotite and hornblende developing the usual replacement 
textures. 

The textural pattern of the earlier magmatic minerals of the Sudbury 
norite, namely, the labradorite and the pyroxenes, bears a close re- 
semblance to that of some gabbros and many diabases especially with — 
respect to the random orientation of the feldspars and the intergranular 
and in part subophitic texture (Fig. 6). Although some of the pyroxenes 
show small irregular penetrations into the labradorite, on the whole the 
boundaries between these minerals are clear cut and sharp. In contrast 
to this, some of the later formed minerals show distinct replacement tex- 
tures against the earlier formed ones and the minerals last to form, name- 
ly the alkali feldspar; the quartz and the sulphides occupy interstitial 
positions comparable to that of the deuteric fraction as seen in some 
diabases. This feature suggests that these minerals crystallized at a time 
when the rock was a close-knitted net of earlier formed magmatic min- 
erals and that they represent the final stage of consolidation. 


Yogo Peak, Little Belt Mountains, Montana 


The textural features of the later consolidation products of a basic 
magma are well shown in some of the shonkinitic rocks of central Mon- 
tana. At the classical locality of Shonkin Sag, shonkinite occurs both 
above and below a relatively narrow band of microsyenite and a nar- 
rower one of syenite pegmatite. The upper shonkinite consists chiefly of 
euhedral augite (up to 5 mm. in size) in a random arrangement and a 
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few crystals of euhedral to subhedral olivine some of which are enclosed 
by the pyroxene, numerous block-like forms of biotite with some show- 
ing crystal faces and some surrounding the earlier formed minerals. The 
mesostasis consists for the most part of a partly altered confused aggre- 
gate of micropegmatitic intergrowth, alkalic feldspars, some nephelite 
and a little fibrous stilbite. Embayment of biotite by the mesostasis and 
cusp-like indentations into the biotite are indicative of replacement by 
the mesostasis. The mineral association as well as the textural pattern of 
the mesotstasis suggest that it formed at a very late stage in the consoli- 


Fic. 6. Photographs (crossed polarized light) of a 44.5 cm. thin section of Duluth 
gabbro and a 34 thin section of the Sudbury, Ontario, norite. Note the criss-cross pattern 
of the labradorite crystals. 


dation of the rock. It is of interest to note that in this shonkinite the 
mafics, particularly the augites, display marked euhedralism, whereas 
the interstitial feldspathic material is mostly quite anhedral. 

Somewhat similar textural features are present in the shonkonitic bor- 
der phases of the Yogo Peak chonolithic intrusive mass in the Little Belt 
Mountains of north central Montana. As described by Weed and Pirs- 
son (1898), this mass is some five miles long and about one mile wide, the 
western end making the peak. Here the rock is a shonkinite which, as 
one proceeds eastward, changes into rocks of dioritic, monzonitic, syenitic 
character, to what has been termed a porphyritic granite (Fig. 7). A 
similar gradation from shonkinite to granite is noticeable from the east- 
ern border westward. In the summer of 1949 the writer collected speci- 
mens one-tenth of a mile apart from the West peak of Yogo Mountain 
to the central part of the intrusive mass. 

At the western border the rock is nearly black, coarse-grained, and 
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Fic. 7. Photographs (crossed polarized light) of ordinary thin sections from Yogo Peak 
to illustrate the gradual change from shonkinite to granite porphyry, as follows: a) Yogo 
West Peak; b) 0.3 Mile East; c) 0.4 Mile East; d) 0.5 Mile East; e) 0.6 Mile East; f) 0.7 
Mile East; g) 0.9 Mile East; h) 1.1 Mile East; i) 1.3 Mile East; j) 1.4 Mile East. 


consists chiefly of numerous plates of biotite (5 to 10 mm.) showing a 
poikilitic texture, pyroxene, a few grains of which are euhedral, some 
greenish rounded grains of olivine and some interstitial feldspar. As seen 
in thin section, euhedral to subhedral pyroxenes (2 to 5 mm. in size) with 
an occasional remnant of olivine are included poikilitically by subhedral 
to anhedral blocky brown biotite. All these minerals are included by large 
(10 to 15 mm.) clear anhedral plates of feldspar mostly orthoclase with a 
little andesine, and oriented at random. Magnetite in small irregular 
grains or rod-like forms is for the most part scattered through the 
mafics but some is concentrated in altered relics of what was probably 
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originally olivine. In one part of a large thin section from this rock there 
is an irregular cluster (10X5 mm.) of prismatic hornblende crystals 
arranged haphazardly with interstitial carbonate. A few of the pyroxenes 
are embayed by biotite, some of them show the penetration of biotite 
along minute fractures, and others contain minute flakes of biotite. Some 
of the altered mafics are rimmed with green biotite and a few of the 
feldspars are slightly clouded by sericitic material. Although this shon- 
kinite from the western peak of Yogo Mountain is characterized by eu- 
hedral pyroxenes like the one from Shonkin Sag, it differs in that instead 
of a confused aggregate of interstitital feldspathic material, large plates 
of feldspar, mostly orthoclase, enclose the earlier-formed minerals. 

The igneous rock three-tenths of a mile east of West Peak is slightly 
finer-grained than that at the western border and similar although 
slightly different textural features are revealed in the thin sections. The 
mafics are not as large, most of the pyroxenes averaging 1 mm., with a 
few olivine crystals of the same size. The large plates of orthoclase also 
include several small crystals of oligoclase, some of which show ragged 
borders and embayments indicative of replacement by the alkalic feld- 
spar. 

At four-tenths of a mile to the east the igneous rock is finer-grained and 
not quite as dark in color as that to the west. Several altered mafics 
(5 mm. in size), probably originally olivine, are noticeable and on ex- 
posed surfaces these have weathered out giving a pseudovesicular appear- 
ance to the rock. Interstitial feldspathic material is more conspicuous 
than it is in the previous specimens. Thin sections show that the mafics, 
with the exception of the olivine, are smaller, ranging in size from 0.1 to 
1.0 mm. Most of the mafics have ragged borders and embayments indica- 
tive of replacement by the feldspathic mesostasis which is an aggregate 
of small (0.1 to 0.3 mm.) subhedral oligoclase enclosed in an interlocking 
aggregate of anhedral alkalic feldspar. A few of the matfics, especially the 
olivines, are rimmed by small flakes of green mica and contain numerous 
grains of released magnetite. 

At a half mile east of the western border, the igneous rocks become 
finer-grained and gray in color. Interspaced with the mafics are numerous 
clear subhedral crystals of feldspar. Biotite is the most noticeable of the 
mafics, but some hornblende and pyroxene are recognizable in the hand 
specimen. As seen in a large thin section under a wide field microscope, 
clear subhedral plagioclase with rectangular outlines or groups of plagio- 
clase crystals are in part surrounded by smaller, earlier-formed mafic 
crystals which appear to have been pushed aside by the growing feldspar. 
It is clear that the mafics formed earlier than the plagioclases because 
they are embayed by the feldspars which also contain a few inclusions of 
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mafics. The mafics are hornblende, pyroxene, (diopsidic augite) and 
biotite, and the plagioclase is oligoclase An27. A late-forming mineral, 
occurring interstitially, is anhedral alkalic feldspar which appears to have 
partly replaced all the other minerals including the oligoclase. Instead of 
being clear like the plagioclase, this feldspar is turbid, being filled with 
dust-like inclusions of minute mafic crystals and a few euhedral crystals 
of apatite. There is also a little interstitial quartz with replacement bor- 
ders against the other minerals. Some interstitial magnetite which em- 
bays the earlier minerals is in turn embayed by the alkalic feldspar. 


The igneous rock for the next two-tenths of a mile is similar both mega- . 


scopically and microscopically to that just described except that the 
plagioclases, instead of having a random orientation, show some degree 
of parallelism. This preferred orientation of the plagioclases is quite evi- 
dent on large cut surfaces of the rock or in large-sized thin sections. It is 
probably the record of late stage magmatic flowage. This rock also con- 
tains a few small (5-15 mm.) irregular inclusions consisting chiefly of an 
aggregate of biotite with interstitial plagioclase liberally sprinkled with 
grains of magnetite. In the central part of one of these inclusions is a 
small segregation of pyrite. 

At nine-tenths to one and one-tenth of a mile east of the western bor- 
der of the Yogo intrusive mass, the igneous rock does not show any flow 
structure, becomes lighter in color due to the diminution of mafics, and 
has about the same grain size. Thin sections reveal that orthoclase is 
the dominant mineral with subordinate oligoclase, some crystals of 
which are partly or almost wholly replaced by orthoclase. Some of the 
larger (up to 3 mm.) crystals of orthoclase are composite ones consisting 
of several interlocking anhedra. These usually contain inclusions of oli- 
goclase or phantom relics of this mineral. Some microperthite is also 
present. The mafics constitute about ten per cent of the rock and con- 
sist of hornblende, pyroxene, and biotite. A few relic pyroxenes are heav- 
ily mantled with hornblende. Some of the mafics are embayed by the 
feldspar, but a few of the hornblendes show some crystal faces against 
them. Most of the mafics contain grains of magnetite, and a few of them 
include flakes of brown biotite and occasional grains of sphene. This rock 
also contains from three to five per cent of interstitial quartz which also 
penetrates and partly replaces the earlier minerals. Although the over- 
all texture of this rock could be described as hypidiomorphic granular, 
the irregular interlocking boundaries of the feldspars as well as the preva- 
lence of replacement textures strongly suggests a crystalloblastic growth 
in the deuteric fraction of an originally basic magma. Relics of pyrogenet- 
ic minerals such as the pyroxenes confirm the magmatic lineage of the 
rock as shown by the field evidence. 
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Less than one-half mile farther to the east the igneous rock has changed 
into what has been called a porphyritic granite. At a distance of 1.3 miles 
from the western border of the intrusive mass, it has a light cream color 
and numerous conspicuous crystals of orthoclase (5 to 7 mm.) in a finer- 
grained matrix of feldspar, grains of quartz, and a few mafics consisting 
oi biotite and hornblende. In thin section the texture of this rock is seen 


_ to be very different from those in the western part of the Yogo intrusive 
mass. Large (3 to 7 mm.) crystals of alkalic (orthoclase) feldspar, some 


of which are slightly microperthitic, compose about 50 per cent of the 


_ rock. A few of these larger feldspars are compound crystals where sev- 


eral anhedra with different orientations and irregular boundaries form 


one crystal. There are also a few conspicuous anhedra of quartz ranging 
in size from 1.3 to 2.2 mm. Interstitial to the larger alkalic feldspars 


are numerous anhedra (0.5 mm.) of alkalic feldspar, subhedral oligoclase 
1-2 mm., perthitic anhedra (1.5 mm.), ragged relict hornblende (2 mm.) 
partly replaced by biotite, blocky biotite (1 mm.), anhedral quartz 
(1 mm.) a few relics of augite and an occasional crystal of sphene, zoisite, 


_and magnetite. The mesostasis of this matrix consists of a mosaic-like 


aggregate of anhedral quartz (0.2 mm.) in rounded or polygonal forms, 


and anhedral feldspar (0.2 mm.) orthoclase and oligoclase. The mesosta- 
sis embays a few of the larger quartz anhedra which are also traversed by 
minute (0.01 mm.) veinlets of alkali feldspar. The larger alkalic feldspars 
“include some of the small subhedral oligoclase and partly replaced oligo- 


clase crystals. These larger crystals in turn appear to have been invaded 
by the small quartz grains of the mesostasis which appear along their 
borders as advanced islands of replacement. Many of these rather com- 
plex textural features are suggestive of crystalloblastic growth. The field 


relations as well as the relics of pyrogenetic minerals, however, clearly 


indicate that this granitic rock is of a magmatic lineage. 

The Yogo Mountain intrusive mass is transected by numerous aplitic 
dikes. One of these cutting the shonkinitic rock near the western border 
is 2 cm. wide and contains a few small xenoliths which, aside from being 
elongated not quite parallel to the walls of the dike, do not appear to have 
been changed by the aplitic magma. In thin section this small dike is seen 
to consist chiefly of anhedral to subhedral alkalic feldspar (1 mm.) some 
of which is perthitic, a few small (0.7 mm.) crystals of oligoclase many of 
which are partly replaced by alkalic feldspar. Minor constituents are 
interstitial quartz which has replaced some of the feldspars; relict horn- 
blende usually with a little magnetite, a few flakes of biotite some of 
which show some crystal faces, and a few interstitial grains of sphene. 
This rock is similar texturally to some of the dioritic facies, but does not 
have nearly as many mafics. 
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Osgood Mountains of Northeastern Nevada 


Some thirty miles to the east of Winnemucca, Nevada, in the Osgood 
Mountains, is a small granodioritic intrusive body described by Hobbs 
and Clabaugh. This intrusion has an outcrop form of a figure eight with a 
north-south dimension of six miles, a width of two miles in the bulges 
and only 1000 feet in the narrow connection between the wider parts. 
The country rock consisting of interbedded argillites and limestone dips 
away from the igneous body, with dips of 40° to 60° on the eastern side 
and nearly vertical on the western side. The contact aureole is relatively 
narrow and irregular, and most of it is characterized by the usual lime 
silicate minerals. Locally small parts of the contact aureole have been 
granitized. 

The intrusive rock is light-colored, medium to coarse grained with a 
few large (1 cm.) plagioclase crystals showing rectangular outlines in a 
matrix of smaller feldspars, mafics, and interstitial quartz anhedra. 
Hornblende and biotite are recognizable, and some of the biotite shows 
nearly euhedral basal sections. Under the microscope the larger plagio- 
clases are seen to be oligoclase (An27) and to include numerous smaller 
(2 cm.) plagioclase crystals. There are a few ragged remnants of pyroxene 
and hornblende. Hornblende also occurs as small euhedral crystals 
(0.1+ to 0.7 mm.). Brown biotite is in a blocky rather than a shredded 
form, and there are a few larger (2.5 mm.) euhedral basal sections of 
biotite, some of which include small (0.5 to 1.0 mm.) plagioclase crystals. 
Platelike forms of anhedral alkalic feldspar (sanidine) surround the 
smaller crystals of plagioclase, biotite, and hornblende. Interstitial quartz © 
anhedra range from 1 to 2 mm. in size. There is no question as to the in- 
trusive nature of this igneous rock, and its magmatic lineage is clearly 
shown by the relict mafics. Mobility of the final stage of consolidation is 
indicated by the euhedralism of the late-forming biotite. 


SOME TEXTURAL FEATURES OF METASOMATIC ROCKS 


The textural features of magmatic rocks are, in general, the result of a 
crystallization sequence from an initially fluid magma to a nearly solid 
medium. The magma is usually limited by the boundaries of the intru- 
sion and with falling temperature solidification and crystallization pro- 
ceed from the borders inward. In the late magmatic or deuteric stage of 
crystallization the residual magmatic solutions may replace some of the 
earlier formed pyrogenetic minerals thus producing textural features 
somewhat similar to those found in metasomatic rocks. 

Crystallization by metamorphism takes place in an essentially solid 
medium with first rising, then falling, temperatures or even under condi- 
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tions of undulating temperature. It also takes place progressively from 
one part to another of a pre-existing rock rmass rather than throughout 
the whole mass at one time. This mass may consist of any kind of rock 
and therefore will present a variety of physical and chemica! properties 
which, in part, are accountable for the diversified results of metamor- 
phism. Another factor, which is sometimes most significant, is the effect 
of stress not only previous to, but during metamorphism. 


Frc. 8. Photograph (crossed polarized light) of a 5X7 cm. thin section from a specimen 
of hornblende granulite from the lowest adit, Cornucopia, Oregon. Note plagioclase por- 
phyroblasts in an early stage of development. 


Metasomatic rocks are those metamorphic rocks which have been 
formed by the addition of material carried by emanations or solutions 
through minute fractures or permeable zones. This material aided by a 
rising temperature reacts with the constituents of the rocks and new 
minerals are formed. Unlike the crystallization of a magma, no orderly 
sequence obtains and individual minerals commonly show various stages 
of crystalloblastic development. Within the area of a single section, 
porphyroblasts of the same mineral species may be displayed in several 
stages of development from initial amoeboid forms through those with 
ragged crystal outlines with pronounced sieve structure to nearly eu- 
hedral crystals which are practically free from inclusions (Fig. 8). 
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The character of the inclusions seen in these crystals depends upon 
the nature of the original material, or the stage of metamorphism pre- 
ceding the development of the porphyroblasts. In contrast to inclusions 
in minerals in igneous rock, they are not governed by a definite crystalli- 
zation sequence as is illustrated by included round grains of quartz in 
calcic plagioclase or hornblende. Relics of a former schistosity; 1.e., 
helicitic structure or bands of platy or acicular minerals in porphyro- 
blasts are cogent proof of metamorphic origin. Some plagioclase por- 
phyroblasts occurring in a hornblendic granulitic rock in the vicinity of 
Cornucopia, Oregon, show rings of inclusions which have apparently 
been pushed outward by the growing crystal. In some of these porphyro- 
blasts zonal structure coincides with the disconnected rings of inclusions. 
This suggests that the absorption of mafic inclusions has had some influ- 
ence on the chemical composition of the plagioclase, and may be one of 
the causes of the oscillatory zonal structure. In other feldspathized rocks 
from this area it is not uncommon to see plagioclase porphyroblasts par- 
tially rimmed by the finer-grained schistose groundmass, thus indicating 
the effect of crystal pressure so commonly seen with respect to garnet 
porphyroblasts. 

Where porphyroblasts are grouped together, the terms glomeroblastic 
for crystals of the same mineral or cumuloblastic for groups of different 
minerals were suggested by the writer some twenty years ago (Good- 
speed, 1937). Some glomeroblastic aggregates seem to represent an inter- 
mediate stage in the formation of larger porphyroblasts. In the earlier 
stages of crystalloblastic growth, these groups are merely aggregates of 
crystals; then with further development the individual crystals coalesce 
to form a single larger crystal. The outline of this crystal is apt to be 
quite irregular with sharp re-entrant angles resulting from the growing 
together of several individual crystals. With continued development, this 
irregular outline may be modified or may disappear with the result that 
it becomes a single crystal. In this crystal, however, the twinning and 
other structures of the smaller individual crystals may persist and thus 
reveal its composite nature. In the later stages of development these 
features may be nearly obliterated so that only a hazy mottling gives a 
clue as to its former composite character. Although glomeroblastic ag- 
gregates are superficially similar to glomerophyric aggregates in igneous 
rocks, their metasomatic origin is evident where they occur in rocks of 
unquestionable metamorphic origin (Fig. 9). 

For example, near Buffalo Hump, Idaho (Goodspeed, 1942), glomero- 
blastic aggregates of plagioclase occur in a fine-grained biotite schist. 
Most of the smaller aggregates (1 cm.) have irregular, ragged gradational 
boundaries with the schist, and some show helicitic structure. Others are 
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Fic. 9. Photograph (ordinary light) of a 56 cm. thin section of hornblende granulite, 
Cornucopia, Oregon. Note the glomeroblastic plagioclase with inclusions. 


grouped in a radial fashion, have rounded outlines like miniature incipi- 
ent orbicules, and display transitions from glomeroblastic aggregates to 
small but fully formed orbicules in the schist. Some of these appear to 
have developed around a core of schist. 

These orbicules occur in zones about 50 feet wide and parallel to the 
schistosity. They range in size from less than an inch to several inches in 
diameter. Most of them are fairly regular ovoids with their major axes 
up to three inches in length. Although most of the orbicules are closely 
clustered, some are scattered in the adjacent fine-grained quartz biotite 
schist (Fig. 10). Around these scattered orbicules is a secondary schis- 
tosity which suggests that the growing orbicule pushed aside the min- 
erals of the schist in a manner similar to a garnet porphyroblast. Where 
the orbicules are closely clustered, they are in the form of rounded poly- 
gons apparently due to mutual interference at the time of crystalloblas- 
tic growth. Some orbicules actually merge with one another. Where the 
orbicules are close together, the matrix loses its schistosity, becomes 
slightly coarser grained, and shows a marked increase in crystalloblastic 
feldspar. Even here, however, thin tabular relics of schist grade into the 


240 G. E. GOODSPEED 


coarser grained matrix which otherwise has the appearance of a fine- 
grained granitic rock. Thin sections, especially large sections, of this 
orbicular rock reveal some of the complex textural features of glomero- 
blastic growth. In general the orbicules are plagioclase porphyroblasts or 
sheaf-like aggregates of andesine (An34) arranged in cross section some- 
thing like a four-leaf clover with the intervening spaces occupied by 
crystals or aggregates of different orientation. The larger plagioclases 
commonly include other small plagioclases in various positions and ir- 


Fic. 10. Photograph (crossed polarized light) of a 6X9 cm. thin section of a biotite 
schist from Buffalo Hump, Idaho. Note the glomeroblastic plagioclase in the form of a 
25 mm. orbicule. 


regular patches of unstriated feldspar. In some orbicules later formed 
oligoclase-andesine (An28-30) transects and embays the earlier andesine 
(An36-37) thus partly replacing it. Some of these earlier plagioclases 
have distinct outlines and may show rough zonal structures where the 
central part is more calcic than the outer zone. In other orbicules the 
plagioclase has a mottled appearance suggesting that it originally con- 
sisted of many individuals. Polished specimens of some of the orbicules 
display minute vugs which show crystal faces of the constituent miner- 
als. It is clear from both the field and petrographic evidence that these 
orbicules are the result of crystalloblastic growth rather than magmatic 
crystallization. 

Hornblende in rocks of magmatic derivation is commonly seen to have 
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surrounded and replaced earlier pyrogenetic pyroxene. In rocks of meta- 
somatic origin hornblendes may be seen in various stages of develop- 
ment: First, several small separate hornblende crystals have an over-all 
similar orientation as is shown by their extinction position; then a larger, 
very ragged inclusion-filled hornblende apparently is the result of a 
partial coalescence of the small crystals; finally, a more compact ho- 
mogeneous crystal is formed. Although these hornblendes display a few 
crystal forms, some ragged borders and inclusions which persist give a 
clue as to their mode of origin. 

Large biotite porphyroblasts may also develop from glomeroblastic 
aggregates of small flakes of biotite which appear to have coalesced into 
a larger individual with fairly definite crystallographic outlines. Such a 
large biotite porphyroblast will commonly have a poikiloblastic texture 
and crenulated border and show thin extensions into the surrounding 
groundmass. 

Where porphyroblasts in any stage of development are fairly evenly 
distributed throughout a rock, it is an indication of either isochemical 
recrystallization or widespread permeability with respect to additive 
emanations or solutions. As the porphyroblasts develop, and as their 
number increases, the original material of the rock is either absorbed or 
pushed aside by them so that under favorable conditions they finally 
form a dominant part of the rock. Although the textural features of 
feldspathized rocks bear a superficial resemblance to those of magmatic 
rocks, they differ in that the later-formed feldspars are usually more eu- 
hedral than the earlier ones and the relict material consists of metamor- 
phic minerals which commonly show some vestige of earlier metamorphic 
structures. 

Later structural features such as fractures, fracture and shear zones, 
and brecciated zones are commonly a controlling factor with respect to 
subsequent feldspathization. This relationship is quite prominent in the 
Cornucopia hornfelses and is well shown in many places along the low 
level 6400-foot adit. Here zones of complex fracturing display varying 
degrees of feldspathization from single fractures lined with porphyro- 
blasts to areas of feldspathization bounded by fracture and shear planes. 

Where fracture planes are closely spaced the feldspathized body has a 
tabular dike-like form. These have been termed replacement dikes, and 
in the Cornucopia area they can be seen in various stages of develop- 
ment; namely, (1) the initial stage where closely spaced parallel fracture 
surfaces form a zone along which incipient mineralization has taken 
place; (2) partial replacement of the intervening screens of wall rock by 
appropriate minerals; and (3) finally, a complete recrystallization re- 
placement with the obliteration of nearly all traces of the wall rock ma- 
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terial. In some replacement dikes these traces of wall rock material are 
merely thin trains of relict minerals which retain their original orienta- 
tion; in others, septa of the country rock extend from wall to wall or are 
in the form of projections into the dike (Fig. 11). 

Replacement dikes have a wide range in mineral composition depend- 
ing upon the character of the wall rock and the penetrative solutions. 
Where permeable zones are a controlling factor, they are likely to have 
gradational borders whereas control by two distinct parallel fractures or 


Fic. 11. Photograph (ordinary light) of a 6X9 cm. thin section showing a contact ofa 
replacement dike with a hornblende biotite schist. Note the thin lines of mafics extending 
from the schist into the dike, which also contains streaks of mafics having, in general, the 
same orientation as the mafics in the schist. 


shears commonly produces sharp borders. In his study of aplite and peg- 
matite dikes in Nigeria, King (1948) gave an excellent description of 
non-dilation dikes with sharp borders. In contrast to igneous dikes, 
replacement dikes do not show field evidence of dilation such as ap- 
propriate offsets of wall rock units. Chilled borders are lacking, and there 
is no progressive change in grain size from the borders inward. There 
may, however, be local changes in grain size within the dike resulting in 
in uneven crystalloblastic texture with some minerals or aggregates of 
mineral much larger than others. These larger crystals lack the regularity 
in size that is usually seen in the phenocrysts of a porphyritic igneous 
rock. 

Some replacement dikes contain inclusions which look like xenoliths, 
but the lack of magmatic reaction products, the presence of schistosity 
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similar in attitude to that of the wall rock as well as the textural and 
structural features of the dike do not favor a magmatic interpretation. 
As these inclusions become feldspathized with the development of por- 
phyroblasts similar to the feldspars of the dike, they assume a shadowy 
appearance showing but little contrast to their crystalloblastic matrix 
and for this reason have been termed skialiths (Goodspeed, 1948). 

Where initial fracturing of the country rock has been in roughly paral- 
lel planes, elongated relict fragments are the rule; whereas in cataclastic 
zones unoriented blocky relics are common. In the latter case, relict 
pieces of country rock may be seen in various stages of transformation 
from well defined fragments to hazy skialiths hardly discernible from the 
crystalloblastic matrix. It is also not uncommon to see two relatively 
large parts of a fragment connected by a thin link, thus negating the pos- 
sibility of magmatic flowage of the matrix. Such fractures coupled with 
the crystalloblastic textures of the matrix warrants the term replacement 
breccias for these occurrences. 

Replacement breccias are common along many of the granitic hornfels 
contacts where there are also much larger inclusions of hornfels in the 
granitic rocks. These large included blocks could, of course, be inter- 
preted as remnants of roof pendants or as the result of magmatic stoping. 
Many field and petrographic data however do not favor this interpreta- 
tion. Detailed plane table maps of several critical areas in the vicinity of 
Cornucopia, on a scale of 200 feet to the inch, show several large inclu- 
sions some of which are in two parts connected by a relatively thin link 
of hornfels. Another significant feature of some of these inclusions is the 
preservation of structural features such as remnants of plunging folds. 
These structures might be interpreted as the result of forceful magmatic 
intrusion, but such an explanation is very doubtful since the strike of 
these folds is nearly at right angles to the main granitic mass and some 
of them are truncated by the granitic rocks, and others appear to be un- 
disturbed relics surrounded by the granitic rock. 

Most of these larger blocks of hornfels have gradational borders with 
the granitic rock, and some have been changed to a migmatite consisting 
of numerous smaller irregular relict fragments interspersed with granitic 
rock. These fragments usually range from two to ten cm. in size and dis- 
play the schistose texture which has an over-all general alignment de- 
spite the separation of the fragment. This alignment is, no doubt, in- 
herited from the attitude of the original schistosity in the hornfels. In 
thin sections, the fragments exhibit typical crystalloblastic textures with 
hornblende and biotite in a parallel arrangement. There are also some 
porphyroblasts of plagioclase and hornblende and narrow bands of an- 
hedral aggregates of quartz. In the granitic parts of the thin sections 
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there are trains of mafics, hornblende, and shreds of biotite and elon- 
gated narrow aggregates of quartz anhedra (0.02 to 0.3 mm.) which re- 
tain the same general direction that they have in the hornfels fragments. 
Biotite has been partly replaced by feldspars as is shown by selective 
embayments along cleavages and minute linear inclusions of biotite in 
the feldspars. Many of the hornblendes can be seen to have been de- 
rived from the fragments, and as they extend further into granitic ma- 
trix, some are bent around the plagioclase crystals in the matrix. Here 
the feldspars range in size from 0.5 to 3.0 mm. and consist mostly of 
subhedral to anhedral oligoclase-andesine (An31) with a few anhedral 
crystals of orthoclase. Many of the plagioclases show various kinds of 
zoning and are quite complex, as though made up of several individual 
crystals grown together. Minute grains of metamorphic minerals, zoisite, 
garnet, and epidote are included in some of the plagioclases and also occur 
interstitially with grains of magnetite and sphene. 

Other exposures along the numerous hornfels-granitic contacts at 
Cornucopia show similar textural features, and a few show a complete 
gradation from schistose hornfels into a gneissic rock which, in turn, 
grades into a granitic rock with a directionless texture. Locally, the 
granitic rocks display variations in texture and composition ranging from 
dioritic types to leucocratic and aplitic varieties. In general, however, as 
seen in hundreds of thin sections of specimens from all parts of the area, 
the granitic rock is a quartz-diorite with a seriate crystalloblastic fabric . 
of anhedral to subhedral oligoclase-andesine (2++4 mm.) with interstial 
anhedral quartz, feldspar, and ragged flakes and shreds of brown or 
green biotite. This mineral as seen in most thin sections is positioned 
around the larger plagioclase crystals in such a way as to suggest that 
it had been pushed aside by the growing feldspar (Fig. 12). 

Many of the plagioclases are complex crystals and some show oscillat- 
ing zoning. In G.S.A. Memoir 52, R. C. Emmons (Chapter 9, p. 111) 
states: “Oscillatory zoning in plagioclase of an igneous rock is interpreted 
in Chapter 4 to reflect the role of liquid in crystallization. However, thin 
sections, especially large ones, may show the percentage of oscillatorily 
zoned plagioclase to be low enough to suggest that liquid has played a 
locally prominent but generally minor role. This irregular distribution of 
significant zoning has been observed in metamorphic rocks and in those 
which show brecciation. It is interpreted as a dilatant effect characteris- 
tic of metasomatic granites.” Not only is there an irregular distribution 
of oscillatory zoned plagioclase in the Cornucopia granites but this fea- 


ture is also noticeable in some of the porphyroblasts of feldspathized 
schistose hornfelses. 
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Fic. 12. Photographs (in ordinary light and crossed polarized light) of granitic rock; 
(1—above) 4X4 cm. thin section of a specimen from Boulder, Montana; (2—below) 
3x4 cm. thin section from the lowest adit at Cornucopia, Oregon. Note that in (1) the 
early formed plagioclase is subhedral to euhedral, the quartz fills spaces between the other 
minerals, and the biotite is blocky. In (2) the later plagioclase is subhedral, most of the 
quartz is in rounded grains and the shredded biotite surrounds the plagioclase. 


The preceding descriptions have had reference, in general, to metaso- 
matized rocks where there has been a considerable change in grain size 
and mineral composition from the original material to the final product. 
If, however, the pre-existing rock happened to be an arkose, which al- 
ready has a mineral composition and grains size comparable to a granite, 
the degree of transformation is much less. All stages of the transforma- 
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tion of an arkose to a granite have been well described by Coombs (1950) 
in a paper entitled “‘Granitization in the Swauk Arkose near Wenatchee, 
Washington.” 

Most of the examples of metasomatic rocks just described have been 
taken from relatively small rock bodies. Some large-size granitic masses 
occur in the central parts of metamorphic terranes. They usually grade 
into adjacent gneisses and schists which in turn blend into less metamor- 
phosed rocks. Such features have been described by P. Misch (1949) in 
three papers entitled ‘“Metasomatic Granitization of Batholithic Dimen- 
sions,” in which he demonstrates the relationship of high-grade regional 
metamorphism to synkinematic granitization and its relation to static 
granitization. Since many kinds of metamorphic rocks are involved, wide 
variations in textural features are to be expected although the dominant 
pattern is a crystalloblastic one. In synkinematically granitized rock 
the minerals, especially the mafics, usually display a preferred orienta- 
tion. 


Reticr DIKES AND RELICT PSEUDODIKES 


In some parts of the Cornucopia area are small dike-like bodies which 
can be seen to be definitely pre-granitic in age, because they are cut by 
granitic veinlets or penetrated by crystalloblastic extensions of the 
granitic rock. Their irregular or shadow-like borders and locally grada- 
tional contacts are indicative of partial replacement by the surrounding 
granitic rock. They also have attitudes nearly the same as the replace- 
ment dikes in the nearby hornfels, and this feature, coupled with their 
petrographic similarity to some of the replacement dikes, suggests that 
they were originally replacement dikes in the hornfels before it was trans- 
formed into granitic rock and that already having been changed from 
hornfels into a more granitic-like rock, they were able to resist further 
change and remain as relict dikes (Goodspeed, 1955). Similar relics of 
long thin tabular masses of schistose hornfels surrounded by the granitic 
rock also occur in this area. Since these are merely dike-like remnants of 
metamorphic rock, they are termed relict pseudodikes. The presence of 
relict dikes or relict pseudodikes suggest that the granitic rock was em- 
placed by a gradual transformation of the country rock because it is 
difficult to see how such thin tabular bodies could have escaped being 
disturbed by magmatic intrusion. 


MOBILIZATION—-RHEOMORPHISM—NEOMAGMAS 


The textural features of rocks from some occurrences in the vicinity 
of Cornucopia are somewhat paradoxical in that they display crystallo- 
blastic features common to metamorphic and metasomatic rock and 
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yet have some features, including fluxion textures, which are characteris- 
tic of magmatic rocks (Goodspeed 1952). For example, a small leuco- 
cratic dike well exposed in the bed of Pine Creek, two miles west of 
Cornucopia, reveals features indicative of both replacement and mass 
flowage. A coarse gneissic rock is transected by this dike, and at one 
place near one wall delicate remnants of mafic minerals extend from 
the gneiss into the dike and retain their original alignment which is near- 
ly at right angles to the dike. Along the opposite border, however, these 
mafic remnants appear to have swirled away from the wall and tend to 
become parallel to it. This occurrence is called a mobilized replacement 
dike. In other somewhat similar dikes, metasomatized material has ap- 
parently flowed as a neomagma into a dilated fissure. These are called 
rheomorphic dikes. 

The textural features of some breccias also, like those of rheomorphic 
dikes, present the apparently contradictory evidence of a crystallo- 
blastic pattern and fluxion textures. Some breccias in the Cornucopia 
area show, in part, the characteristics of a replacement breccia and also 
locally a flow alignment of mafic minerals in the matrix. Others also 
show a flow alignment of the fragments. Likewise, breccias in other 
localities; i.e., in the northern Cascade Mountains of Washington or at 
Sudbury, Ontario, the textural evidence of flowage is not only confined 
to the matrix but is emphasized by the rounded or drawn-out elongated 
character of the fragments. These have been termed rheomorphic brec- 
clas so as to differentiate them from static replacement breccias or from 
those of orthomagmatic origin, and to emphasize the interpretation that 
they represent the mobilization of a partly metasomatized rock mass 
(Goodspeed 1953). 


CONCLUSIONS 


Some rocks display field relations and textural features which present 
a clear picture as to whether they have resulted from the crystallization 
of a magma or from the transformation of pre-existing material. For 
other rocks where the textural features emphasize only the final stages 
of crystallization, detailed field evidence is of primary importance for 
petrogenetic interpretations. | 

The textural features of the rocks from some basic intrusive bodies 
delineate the changes in crystallization from a fluid magma to an essen- 
tially solid medium. Although different conditions modify the textural 
patterns, the sequence of crystallization is mainly an orderly one, as, for 
example: (1) High temperature minerals such as olivine, pyroxene, and 
calcic plagioclase are early in the sequence, and if plagioclase happens to 
form earlier than the pyroxene a characteristic criss-cross pattern 1s the 
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usual result. (2) Although initially these minerals may be quite euhedral 
they will, if a slow rate of cooling prevails, be transformed in accordance 
with Bowen’s reaction principle so that they become merely relics. (3) In 
the later stages of crystallization, minerals lower down in the reaction 
series may replace, surround, or form interstitially to, the earlier miner- 
als. Some of these later minerals may be euhedral and others anhedral, 
dependent upon immediate environmental conditions. (4) The very late 
magmatic or deuteric stage is characterized by low temperature minerals 
which commonly show crystalloblastic and replacement textures. (5) 
Finally, hydrous minerals like the zeolites may appear. Some intrusions 
such as the Yogo Peak body in the Little Belt Mountains of Montana 
show a range of crystallization of an orthomagma from a shonkinite to 
granite porphyry. 

The textural features of metasomatic rocks are similar to those of 
metamorphic rock, in that crystalloblastic textures are dominant and 
show a crystallization sequence which is not an orderly one like that of a - 
magmatic rock. Minerals, such as feldspars, which may in part be due 
to the addition of material, can be seen in a single thin section, in forms 
indicative of their development from initial amoeboid ones to nearly 
euhedral crystals. The recrystallization of a pre-existing rock is indicated 
by helicitic structures, the presence of rounded grains of quartz or relics 
of typical metamorphic minerals like kyanite. Another indication that 
crystallization took place in an essentially solid medium is where earlier | 
minerals seem to have been pushed aside by later ones. For example, in 
some granitic rocks ragged shred-like flakes of biotite surround large 
plagioclase crystals somewhat similar to the way they enclose garnet 
porphyroblasts in a metamorphic rock. In the field, metasomatic rock 
masses commonly show widespread gradations into the surrounding 
metamorphic rocks, in contrast to the limited extent of metamorphic 
aureoles around intrusive bodies. 

Intrusive field relations, however, do not necessarily mean that the 
rock body has been formed by the crystallization of an orthomagma or 
that it is of orthomagmatic lineage. This holds for some granitic bodies 
which are clearly intrusive and which are commonly termed igneous. 
Their textural features, however, may indicate one of three possibilities 
with regard to their mode of origin, namely: (1) Direct crystallization or 
differentiation from an orthomagma; (2) Mass flowage of a late magmatic 
or deuteric fraction; that is, a deuteromagmatic origin; (3) Mobilization 
or mass flowage of metasomatized material, namely, a neomagmatic 
origin. This last possibility is perhaps the most difficult to recognize be- 


cause it depends in part upon the presence of relics of metamorphic 
minerals. 


TEXTURAL FEATURES OF MAGMATIC AND METASOMATIC ROCKS 249 


With respect to some relict minerals, the question arises as to whether 
they are of metamorphic or of magmatic origin. For example some intru- 
sive granitic bodies contain relics of pyroxene, and since this mineral is 
common to magmatic rocks the interpretation of a magmatic line of 
descent is usually proposed. Pyroxene, however, is also found in some 
metamorphic rocks. Therefore the mere presence of pyroxene does not 
furnish a definitive answer to this question. What is needed are data to 
show, if possible, whether a particular mineral was originally crystallized 
from a magma or was formed by rising temperature in a solid rock. Per- 
haps laboratory experiments in the future will disclose whether there 
are any slight but significant differences in artificial rock-forming silicates 
produced from melts as compared with similar ones formed by heating 
material that is essentially solid. 
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NEW SOUTH WALES, AUSTRALIA 
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ABSTRACT 


Iddingsite from New South Wales, Australia, is polycrystalline and consists of goethite 
and a layer lattice silicate. In the alteration of olivine to iddingsite the original lattice 
of close-packed oxygens appears not to have been greatly disturbed and the changes have 
occurred by the movement of cations within small regions to form microcrystals of the 
alteration products. The parallel alignment of the components explains why it behaves 
optically as a single crystal. 


INTRODUCTION 


Iddingsite is the name generally given to the deep reddish brown to 
ruby red lamellar minerals commonly found in basaltic and allied rocks 
as an alteration product of olivine (Winchell, 1951). The origin, occur- 
rence, composition, and physical properties of iddingsite were first de- 
scribed in detail by Ross and Shannon (1926), and subsequent studies 
include those by Tomkieff (1934), Edwards (1938), and Bogue and 
Hodge (1940). Since this investigation was begun Ming-Shan Sun (1957) 
published the results of «-ray powder examinations of iddingsites, and 
concluded that goethite was the only substance present in the crystalline 
state, and that other substances whose presence was shown by chemical 
analysis were largely amorphous. Wilshire (1958), using a similar tech- 
nique, found that iddingsites were largely smectite-chlorites with goe- 
thite always present; quartz and calcite are common and talc and mica 
rare constituents. 

The present study was undertaken to investigate iddingsite more ade- 
quately, and in particular to find the reason for its optical homogeneity, 
and also to obtain information on a naturally occurring alteration proc- 
ess. The material used was obtained from an olivine-basalt of Tertiary 
age from near Lismore in northern New South Wales, Australia (Norrish, 
1952), and grains were isolated that were favourable for study by optical 
and single crystal x-ray diffraction techniques. 


PETROGRAPHY 


The rock is a porphyritic olivine-basalt with phenocrysts of labra- 
dorite and olivine in a medium-fine grained groundmass of abundant 
laths of a less basic plagioclase, augite, ilmenite, nontronite and apatite. 
The phenocrysts of labradorite range up to 1 cm. in size, while those of 
the olivine attain a length of about 2 mm. Some of the olivine grains are 
completely transformed to iddingsite, but usually unaltered cores of oli- 
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Fic. 1. Olivine-basalt, Lismore, N.S.W., Australia, showing an iddingsite 
pseudomorph with cores of remnant olivine. Magnification: X25. 


vine are preserved within the iddingsite with a fairly sharp boundary, 
which, in places, may be somewhat ragged, suggesting reaction (Fig. 1). 
The pseudomorphs are normally rimmed by a thin zone of yellowish 
brown or greenish cryptocrystalline material. It is probable that the 
iddingsite is of deuteric origin, as the associated minerals show little 
signs of weathering, and, in particular, the labradorite phenocrysts are 
very clear and unaltered. 


OPTICAL PROPERTIES 


In thin section the iddingsite shows a lamellar habit, with one well 
developed cleavage, and two subsidiary cleavages at right angles to each 
other and to the principal cleavage direction: extinction is parallel to 
the cleavage traces and to the extinction directions of the remnant oli- 
vine. Pleochroism is distinct with Y and Z deep orange brown to reddish 
brown and X light orange brown to yellowish brown.* The majority of 
the individual grains isolated after crushing the rock are tabular in habit 
due to the presence of the well developed cleavage. These cleavage frag- 
ments are deep reddish brown and are essentially non-pleochroic. The 
refractive indices vary slightly but most of the grains have a= 1.67—1.68 
and y=1.71-1.72, with the birefringence approximately 0.04. The optic 


* A few of the olivine grains show an alteration product having olive green tints in its 
pleochroic scheme in addition to shades of brown: morphologically the material is similar 
to iddingsite, but this variant has not been studied. 
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TaBLeE 1. ¢ VaLuEs (CuK a) AND DescrIPTION or LAYER LINES ON PHOTOGRAPH OF 
IDDINGSITE ROTATED aBouT Y Optic VIBRATION DIRECTION 


‘ eo repeat Nature of reflections 
ae Broad Sharp 

0.0 = Many, strong present 

.075 20.6 Few, weak 

mls) 10.3 Many, strong present* 

m2) 6.7 Few, weak 

.29 Sas) Few, strong 

opi! 5.0 Many, strong present* 

38 4.1 Few, weak 

46 SESo Few, medium present* 

Oe 2.98 Few, weak 

.58 2.68 Few, weak 

.62 2.50 Few, weak present* 

.76 2.00 Few, weak present* 


* These sharp spots do not lie precisely on the same layer lines as the broad spots, but 
are close to them. 


sign is negative with moderate optic axial angle (2V 30-40°): the dis- 
persion is distinct, 7<v. 

The grains selected for x-ray analysis were optically homogeneous, 
showing the emergence of the acute bisectrix normal to the plates, and 
giving a centred biaxial interference figure from which the directions of 
the optical constants could readily be determined. 


X-RAY ANALYSIS 


A preliminary single crystal rotation photograph of a grain (0.25 
0.25 X0.05 mm.) rotated about the Y optic vibration direction showed 
well developed layer lines, but the pattern was complex. Table 1 sum- 
marizes the ¢ (CuK a) values, the corresponding axial repeat distance, 
and the nature of the layer lines. The majority of the reflections were 
broad, but on or near a number of layer lines were very small sharply 
defined spots: comparison with an olivine $-axis rotation photograph 
showed that the sharp spots could be attributed to olivine. 

The layer lines of broad spots with ¢=n(.075) were provisionally 
attributed to one mineral, and those with ¢=(.29) from the axial repeat 
distance and hexagonal arrangement of the inner reflections were at- 
tributed to a layer lattice mineral rotated about the a=5.35 A axis. A 
powder photograph of a few crushed grains suggested that goethite was 
present, and also showed a reflection d= 15.6 A which could be the basal 
reflection of the layer lattice silicate. 
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The powder pattern was poor, and to obtain further information, 
Weissenberg and oscillation photographs were taken with the Y optic 
direction as the rotation axis. As many of the reflections were weak and 
broad the Weissenberg photographs showed only the stronger spots, 
which were insufficient for complete characterization. From a complete 
set of 5° oscillation photographs reciprocal lattice nets were obtained for 
each of the twelve levels of the broad spot pattern, and also for the zero, 
first and second levels of the material giving the sharp spots: these were 
constructed by plotting the co-ordinates of the reflections, which were 
5° arcs rather than points. The reciprocal nets showed that the symmetry 
of the entire diffraction pattern is mmm. Complete sets of oscillation 
photographs were also taken about the two other orthorhombic axes, 
corresponding to the X and Z vibration directions, and the reciprocal 
nets were constructed for all broad spot levels. 

All the applied criteria indicate that the olivine is being transformed 
into a material comprising goethite in three orientations and a layer lat- 
tice silicate with layer stacking disorder. 


Olivine 


The cell dimensions a=4.8, b=10.3, c=6.0 A and space group Pbnm 
of the material giving the sharp spots confirmed its identification as oli- 
vine. Bragg and Brown (1926) gave a=4.755, 6=10.21, c=5.985 A and 
space group V;,!° (=Pbnm) for olivine. Powder photographs of crushed 
iddingsite grains with included olivine gave for the latter d (130) =2.779 
A corresponding to the composition Fo (80%) determined by the method 
of Yoder and Sahama (1957). The olivine axes are oriented with a||X, 
b||Y and c||Z of the iddingsite. 


Goethite 


The goethite was identified from the cell dimensions a=4.6, 6=10.0, 
c=3.0 A, determined from the layer line separations and the reciprocal 
nets, and the systematic absences, h0/ absent for (h+/) odd, O&/ absent 
for k odd, which are consistent with the space group Pbum. Goldsztaub 
(1931) gave a=4.64, b=10.0, c=3.03 A and the space group Pbnm for 
goethite. The absences were derived from rather limited data, reflections 
with 26>90° being too diffuse to index with certainty. The observed 
intensities, however, gave additional evidence, for 110 the strongest 
reflection is the strongest goethite reflection and all the strong observed 
intensities correspond to strong goethite reflections. 

Most of the goethite is aligned parallel to the original olivine with 


ag|lar;  ballbr; ca lert 


+ The subscripts G, F and L refer to goethite, olivine and the layer lattice silicate re- 
spectively. 
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The goethite in this orientation accounts for the reflections occurring 
on the ¢=n (.15) layer lines (Table 1). When account was taken of the 
reflections due to the layer lattice silicate it was found that those remain- 
ing could be attributed to goethite oriented so that 


aq||an; ba||[O13] and [013]p; ¢q||[O11] and [O11] 


In these orientations only a few medium or weak reflections could be 
observed, and these correspond to the strong goethite reflections. Fig. 2 
illustrates the three orientations of the goethite cells in relation to the 
original olivine. From the intensities of the 110 reflection from goethite 
in the three orientations about 80 per cent appeared to be in parallel 
orientation with the olivine and only 10 per cent in each of the other two 
orientations. From the width of the reflections the size of the individual 
goethite crystals is estimated to be 200-300 A. 


Layer lattice silicate 


This component accounts for the layer lines (=n (.29) (Table 1). The 
reciprocal lattice consists of a single row of reciprocal lattice points pass- 
ing through the origin, and reciprocal lattice rods parallel to the point 
row arranged in a hexagonal pattern around the central row. The repeat 
period along the point row corresponds to a spacing of 15.6 A and the 
cell side of the hexagonal array is 5.35 A. The stacking of the layers is 
highly disordered, the only observable regularity in addition to the paral- 
lel and equidistant stacking of the silicate layers being the parallel align- 
ment of the a-axes of the (SiO;)?- layers which make up the half layers 
of the mineral. Table 2 gives & values, derived values of h?+Ak-+k? and 
hk indices for the rods which are continuous except 11/* and 22/* which 
have zero intensity at *=0. The values of ?+hk+#? confirm the hex- 
agonal nature of the array. 

The a dimension corresponds closely to the value found for triocta- 
hedral layer lattice silicates, e.g. chlorite a=5.33-5.37 A (Steinfink, 
1958) and vermiculite a=5.33 A (Mathieson and Walker, 1954). The 
repeat distance along the point row corresponds to the layer thickness of 
smectites in the air-dry condition when saturated with divalent cations. 
Unlike most smectites, however, the basal spacing could not be increased 
by treatment with water, ethylene glycol or glycerol. The layer thickness 
is reduced to 10 A by heating at 500° C. for one hour. These properties 
appear sufficient to identify the material as a mineral of the vermiculite 
or smectite group, but obviously a more detailed examination is desirable. 
The layer lattice mineral of iddingsite has been identified by W ilshire as 
a smectite-chlorite. However, the collapse to a layer thickness of 10 A on 
heating, both of the majority of the specimens studied by Wilshire and 
of those examined in the present study, does not fully support his con- 
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Fic. 2. Projection along a* of reciprocal lattice of goethite showing its three orientations. 

Heavy continuous line shows goethite cell in same orientation as olivine, axes };* and 
Cin. 

Dottedline and bro-ken line show goethite cells in subsidiary orientations with axes bs*¢3* 
and 6;*c;* respectively 

A @ and © denoteobserved reciprocal lattice points for orientations 1, 2 and 3. 

© are reciprocal lattice points where corners of the differently oriented cells coincide, 
and thin continuous lines show large reciprocal cel] of the close packed oxygens. 


TaBLeE 2. — VALUES (CuK @) AND ik INDICES (HEXAGONAL) OF RECIPROCAL LATTICE Rops 
or Layer Lattice MINERAL; IDDINGSITE ROTATED ABOUT X 
Optic VIBRATION DIRECTION 


g e W-+-hk-+k* hk 
oro) slit 1 10 
58 508) 3 11 
65 42 4 20 
88 si 7 21 
1.00 1.00 9 30 
1.14 1 12 22 
1.19 1.42 13 31 
1.44 2.07 19 32 
5S 2.34 21 Aq 
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clusions. Although slight atomic re-arrangement takes place, the basal 
spacing of chlorite layers remains near 14 A until recrystallization takes 
place (Brindley and Ali, 1950), and interstratified smectite-chlorite 
would be expected to give intensity maxima between 10 and 14 A after 
heating. 

The orientational relationships between olivine and the layer lattice 
silicate are as follows: 


ay,||[010], [013] and [013]; Cx||[100] r 


The use of a and c here is not intended to imply a true unit cell, but only 
to denote a structural unit. 


DISCUSSION 


It has been shown that the transformation of olivine into iddingsite 
involves the production of new crystalline phases, and it is pertinent 
here to consider more closely the relationships of these new materials 
to the parent olivine. 

Olivine and goethite belong to the same space group Pbnm and the 
cell dimensions have the following relations: 


ay Bayes by@be; Cne—26e 


Both structures are based on sheets of oxygen in hexagonal close- 
packing parallel to (100), which, considering oxygens only, leads to the 
equivalence of the directions [010], [013] and [013] at angles of 120°; 
similarly [001], [011], and [011], are equivalent. Structurally only slight 
adjustments of the oxygen framework are required in the change from 
olivine to goethite; the cation replacements and rearrangements could 
easily take place by ionic diffusion. The three observed orientations of 
goethite are explained by the equivalence of the three directions men- 
tioned above. The preponderance of goethite in parallel orientation to 
olivine suggests, however, that the three directions are not exactly 
equivalent and that the cation arrangement in olivine exerts consider- 
able control over that of the derived goethite. It is interesting to note 
that the triple points, where the corners of the differently oriented goe- 
thite cells coincide, outline a hexagonal cell a=2.9 A, c=4.6 A, which 
corresponds to the unit cell of hexagonal close-packed oxygens (Fig. 2). 

The alteration of olivine to a layer lattice silicate involves some break- 
ing up of the close-packed oxygen framework of the olivine. Nevertheless 
in a study of what is in effect the reverse reaction, the alteration on heat- 
ing of layer lattice silicates (chlorite and serpentine) to olivine, Brindley 
and Ali (1950) and Brindley and Zussman (1957) have shown that the 
majority of the Si—O bonds remain unbroken, only slight rotations of 
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tetrahedra and migrations of Si being required to effect the alterations. 
In these studies the following dimensional and orientational relations 
were established between the layer lattice mineral and the resultant 
olivine. 

2ar—~by and 26,-~3crt 


[100]z,||[010] and [013}r;  [010],)[001] and [011]r 


The same mechanism is proposed for both mineral groups, the trans- 
formation being visualised as occurring layer by layer, one layer of chlo- 
rite giving two layers of olivine and one layer of serpentine yielding one 
layer of olivine. The same dimensional and orientational relations are 
found in the present study if the transformation from hexagonal to face- 
centred orthorhombic axes for the layer lattice silicate is made, and it 
appears that alteration takes place by a mechanism similar to that pos- 
tulated above. 

It is difficult to make any statements about the chemical changes in- 
volved in the absence of knowledge of the proportions of goethite and 
the layer lattice silicate in the iddingsite. Although the iddingsite occu- 
pies the same volume as did the olivine, its density (ca. 2.8) is consider- 
ably less than that of olivine (3.4-3.5) determined for Fo (80%) from 
the graph given by Winchell (1951, p. 500). Material has obviously been 
lost in the change, but as the system is not a closed one the overall loss is 
the resultant of both gains and losses. If the change is considered to occur 
layer by layer, one olivine layer is equivalent to one goethite layer, but 
the alteration to the layer lattice silicate is more complicated. 

From the relationship 4 (ab) p-~3 (bc) r and cy—=3cr, an alteration with- 
out volume change involves nine cells of olivine giving four cells of the 
layer lattice silicate. If the silicate is considered as being a chlorite (this 
having the densest packing in the inter-layer region and therefore requir- 
ing most material), and ignoring isomorphous substitution, the equiva- 
lence in volume is found to be such that 


9[M gsSisOr6] > 4[M gi2SisOx(OH) 16] 


olivine chlorite 


From these approximations it is evident that large amounts of Mg are 
expelled from the regions which alter to the layer lattice silicate, and 
from the regions which alter to goethite all the Mg and Si are lost while 
Fe and H are added. These conclusions, loss of Mg and addition of Fe 
and H are similar to those arrived at by Ross and Shannon on the basis 


ip The a=5.3 Aand b=9.2 A axes of layer lattice minerals lie in the plane of the layers; 
b=a,/3 due to the pseudo-hexagonal or hexagonal nature of the layers. 
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of chemical analysis. The suggestion by Ming-Shan Sun that the ratio 
of Fe,O3 to HxO+ represents the composition of goethite in iddingsite 
seems unlikely. Obviously the layer lattice silicate will contain consider- 
able amounts of H,O+ and it is improbable that it would accept Mg?+ 
and entirely reject Fe?+. 

The most unusual feature of iddingsite is that, although polycrystal- 
line and consisting of two components, grains exhibit the optical proper- 
ties of a single crystal. Describing the rocks of the Eureka district, 
Nevada, Iddings (1892) discussed the alteration product of olivine (later 
named iddingsite) and stated that “the resultant mineral from its optical 
properties is evidently not a confused aggregate, but a crystallographic 
individual, with parallel orientation of all its parts, for the extinction of 
light is the same throughout and the interference figure that of a doubly 
refracting crystal.’’ As has been shown by the present investigation, this 
homogeneity in optical properties occurs because the small crystals of 
both components are strictly oriented throughout a single grain. The 
parallel alignment arises from the nature of the alteration, the products 
of which inherit, goethite completely and the layer lattice silicate partly, 
the oxygen framework of the original olivine. The same alignments of 
the major components probably holds for all iddingsites which show 
coherent optical properties. 
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DELRIOITE, A NEW CALCIUM STRONTIUM VANADATE 
FROM COLORADO* 


Mary E. THompson AND ALEXANDER M. SHERWOOD, 
U. S. Geological Survey, Washington 25, D.C. 


ABSTRACT 


Delrioite, CaO - SrO - V20;: 3H20, was found on the dump at the portal of the Jo Dandy 
mine, Montrose County, Colorado. The mine is in a vanadium-uranium deposit in the Salt 
Wash member of the Morrison formation of Late Jurassic age. The mineral occurs as radial 
aggregates of pale yellow-green fibrous acicular crystals. Unit cell data for delrioite are not 
available, but the «-ray powder diffraction pattern is unique. The d-spacings of the strong- 
est lines are, in Angstroms: 6.5 (S), 4.95 (MS), 4.40 (M), 3.55 (M), 3.45 (MS). 

Delrioite is biaxial negative, with indices of refraction a=1.783, B= 1.834, y= 1.866, all 
+0.003, 2V medium to large. It is pleochroic with X colorless, Y pale yellow, and Z slightly 
deeper yellow. The hardness is about 2; the measured specific gravity is 3.1+0.1. 

The chemical analysis shows, in per cent: CaO 13.30, SrO 24.50, V2.0; 46.00, H.O(+) 
5.64, H2O0(—) 9.24, SiO» 1.30, total 99.98. 

Delrioite is named for A. M. del Rio, who first found vanadium (erythronium) in North 
America. 


INTRODUCTION AND ACKNOWLEDGMENTS 


Delrioite was found on the dump at the Hummer portal of the Jo 
Dandy mine in Paradox Valley, Montrose County, Colorado, in 1955, 
by Edwin Sharp, a summer field assistant, of the U. S. Geological Survey. 
The specimen was given to E. B. Gross of the U. S. Atomic Energy Com- 
mission, Grand Junction, Colorado for identification, who submitted it 
to M. E. Thompson for further study. We wish to thank Mr. Sharp and 
Mr. Gross for supplying us with the specimens of this new mineral. 

Delrioite is named for A. M. del Rio (1764-1849), who in 1801 an- 
nounced the discovery of a new element, erythronium. The announce- 
ment was later withdrawn, as he had become convinced that erythroni- 
um was really chromium. Erythronium was later shown to be identical 
to vanadium, the new element described by Sefstrom in 1830. It is, 
therefore, considered appropriate to name this new vanadium mineral 
for one of the earliest American mineralogists, whose share in the dis- 
covery of vanadium is usually forgotten. | 

This work is part of a program being conducted by the U. S. Geologi- 
cal Survey on behalf of the Division of Raw Materials of the U.S. Atomic 


Energy Commission. 
OCCURRENCE 


Delrioite occurs as an efflorescence on sandstone on the dump at the 
Hummer portal of the Jo Dandy mine in Paradox Valley, Montrose 


* Publication authorized by the Director, U. S. Geological Survey. 
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County, Colorado. The Jo Dandy mine is located ina vanadium-uranium 
deposit in the Salt Wash sandstone member of the Morrison formation 
of Late Jurassic age. The occurrence as an efflorescence at the dump sug- 
gests that the new mineral is one of the soluble oxidation products of the 
lower valent vanadium minerals found in the Jo Dandy mine. The new 
mineral has so far been found only at the one locality, probably because 
an adequate supply of strontium usually is not available in the ground 
waters at other localities. 

Another vanadium mineral found on the same dump is metarossite, 
CaV.0,:2H2O. The two minerals look very much alike, and might easily 
be confused, unless laboratory tests are made. 


X-Ray, PHYSICAL, AND OPTICAL PROPERTIES 


Delrioite occurs as pale yellow-green aggregates of fibrous acicular 
crystals. The aggregates approximate single crystals closely enough so 
that optical measurements can be made, but the fragments were found, 
in a preliminary study by «-ray rotation and Weissenberg methods, evi- 
dently to be twinned, and in addition, to consist of tiny fibers that are 
somewhat rotated with respect to each other about their mutual axis of 
elongation. This type of disorder has been observed in other fibrous 
vanadates (Barnes and Qurashi, 1952). The x-ray rotation photographs 
established, however, that the repeat distance along the fiber axis is 2 
times 3.65 A, a distance typical of fibrous vanadates. 

Delrioite is light yellow green, but exposed surfaces of the mineral may 
be darker green, probably because of photoreduction of a small part of 
the vanadium (V). The hardness is about 2; the luster is vitreous to 
pearly. The specific gravity, obtained by measuring several small frag- 
ments together on a Berman density balance, is 3.1+0.1 

The new mineral is biaxial negative; 2V is medium to large; 2V calcu- 
lated from the indices of refraction is 783°. The fibers exhibit parallel 
extinction, and the y index is parallel to the elongation. Indices of refrac- 
tion and pleochroism are as follows: 


a = 1.783 -=0-003 X colorless 
B = 1.834 + 0.003 Y pale yellow 
y = 1.866 + 0.003 Z slightly deeper yellow 


Delrioite has a unique x-ray powder pattern, for which d-spacings are 
given in Table 1. The mineral was photographed with Ni-filtered Cu 
radiation (\=1.5418 A), in a Debye-Scherrer type camera of 114.59 mm. 


diameter. 
CHEMISTRY 


_A sample of delrioite weighing about 100 mg. was purified by hand- 
picking for the spectrographic and chemical analyses. The spectrographic 
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TaBLE 1. X-Ray PowpEer DirrractTion DATA FOR DELRIOITE 


CuKa (Ni filter), \=1.5418 A, camera diameter 114.59 mm. Measurements not cor- 
rected for film shrinkage. Cut-off 15 A* 


I estimated d (A) I estimated d (A) 
W Meee W 2.96 
S OS MW 2.80 
F 6.2 M 2.69 
MS 4.95 W yey 
W 4.74 W 2 Sil 
M 4.40 MW 2.18 
M 3205 F Dale) 
MS 3.45 F 1.93 
F S50) W 1.89 
W 3 Pil F 1.85 
F 3.18 M 1.80 
M 3.04 W, broad ILS 


S strong, M medium, W weak, F faint 


* Two faint lines were recorded with the diffractometer at 8.30 A and 7.71 A. 


analysis, by K. V. Hazel of the U. S. Geological Survey, showed over 10 
per cent Si and V, 1 to 10 per cent Sr and Ca, and <1 per cent Mg and 
Fe. The large amount of Si was due to admixed quartz, which was mostly 
removed from the sample before the chemical analysis. 

The chemical analysis, by Alexander M. Sherwood, yields the empiri- 
cal formula CaO: SrO-: V20;:3H2O (Table 2). This formula indicates that 
the mineral is a pyrovanadate, but the suggestion has been made (H. T. 
Evans, Jr., written communication, 1958) that the conditions of forma- 
tion would more likely produce a metavanadate, in which case the 


TABLE 2. CHEMICAL ANALYSIS AND CALCULATED COMPOSITION OF DELRIOITE 
Alexander M. Sherwood, analyst 


eee Analysis 
ee recalculated to Atomic ratios CaO: SrO-V205:3H20 


Ser fen) 100 per cent 


CaO 13.30 S}3) 0.241 14.14 
SrO 24.50 24.8 0.239 26.26 
V205 46.00 46.6 0.256 45.96 
H20(+) 5.64 Soll 0.316 4.55 
H:0(—) 9.24 9.4 0.522 9.09 
S102 1.30 

Total 99.98 100.0 100.00 


264 M. E. THOMPSON AND A. M. SHERWOOD 


formula might be written as CaSrV20.(OH)2-2H2O. The x-ray powder 
diffraction pattern, too, bears some resemblance to a synthetic calcium 
metavanadate (Daphne Ross and Richard Marvin, U. S. Geological 
Survey, oral communication, 1957). 

The mineral is readily soluble in water, giving a yellow-green solution. 
Upon evaporation, however, a different (unknown) phase is obtained. 

The empirical formula is parallel to that of pintadoite, 2CaO-V205 
-9H.O, a preliminary description of which was published by Hess and 
Schaller (1914). Unfortunately, available specimens of pintadoite seem 
to be nothing more than faintly stained sandstone so that it has not been 
possible to compare the two minerals directly. 
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NARSARSUKITE FROM SAGE CREEK, SWEETGRASS 
HILLS, MONTANA* 


D. B. Stewart, U.S. Geological Survey, Washington 25, D.C. 


ABSTRACT 


Narsarsukite, NayTiSisOu, is described from the second of three localities in the Sweet- 
grass Hills, Montana. Narsarsukite is associated with manganpectolite, quartz, calcite, and 
galena in veins cutting an orthoclase-albite-aegirine-quartz hybrid rock in a zone ad jacent 
to a syenite stock. Optical properties of the minerals and an indexed x-ray powder-diffrac- 
tion pattern of narsarsukite are given. 

This occurrence of the assemblage aegirine-quartz-narsarsukite is similar to other oc- 
currences of narsarsukite in the Sweetgrass Hills and at Narsarsuk, Greenland. It is con- 
cluded that the formation of narsarsukite depends upon the reaction of emanations from 
alkalic magmas with siliceous wallrock under conditions such that a high partial pressure 
of oxygen is present. 

INTRODUCTION 

The Sweetgrass Hills in north-central Montana near the border of the 
United States and Canada consist of three related groups of stocks. The 
geology of the region is summarized by Ross (1950). East Butte, the 
group of stocks that contains the narsarsukite localities, is the largest, 
most easterly, and most complex of the three groups of stocks. The alkali- 
rich igneous rocks from East Butte are described in detail by Kemp and 
Billingsley (1921). The more than a dozen closely-spaced syenite and 
trachyte plutons of East Butte have domed and metamorphosed the 
sedimentary rocks that border them. Siliceous metasedimentary rocks 
adjacent to the plutons contain small deposits of iron and copper, and 
veins in marble close to the stocks contain fluorite and quartz. Brecciated 
highly metamorphosed rocks that have been intricately intruded by 
syenite make up a hybrid rock that was mapped separately by Ross 
(1950). The hybrid rock borders only the largest stock and is related to 
it. All the narsarsukite occurrences are in the hybrid rock, and quartz- 
bearing veins outside the hybrid rock do not contain narsarsukite. 

The first description of narsarsukite from the Sweetgrass Hills was by 
Graham in 1935. Graham’s locality is in the upper drainage basin of 
Halfbreed Creek, in the center of sec. 24, T. 36 N., R. 4 E. Another 
occurrence of narsarsukite was discovered by the writer in 1950; addi- 
tional specimens were collected in September 1951. The new occurrence, 
about one mile northeast of Graham’s locality, is in the NE ¢ of sec. 19, 
T. 36 N., R. 5 E., on the bottom and west bank of Sage Creek at an ele- 
vation of 5300 feet. The exposure is only about 6 feet by 6 feet, and is 
150 feet upstream from the place where the wagon trail to the divide 
between Mount Royal and Mount Brown crosses Sage Creek. The Madi- 
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son limestone crops out about 200 feet above the locality on the east side 
of Sage Creek canyon. Specimens from this locality are deposited at the 
U. S. National Museum under Museum number 106424. 

Narsarsukite has also been noted in veinlets in blocks of hybrid rock 
in the float on the southwest side of Mount Royal (W. T. Pecora, oral 
communication, February 1958). 


PETROGRAPHY 
Hybrid Rock 


Greenish-gray aphanitic hybrid rock is the host rock for the narsar- 
sukite-bearing veinlets. The hybrid rock is dense and flinty even though 
cut by myriads of veinlets. Parts of the hybrid rock are mottled and show 
clearly the outlines of fragments of highly metamorphosed sedimentary 
rock. The breccia fragments average one centimeter in longest dimen- 
sion. The parts of the hybrid rock that can be identified as syenite by 
their darker color are in general too fine-grained to permit recognition of 
minerals with a hand lens, although a few phenocrysts of feldspar about 
two millimeters in diameter are visible in some specimens. 

The hybrid rock, as studied in thin section, is composed of porphyritic 
syenite enclosing vaguely defined darker and lighter fragments that dif- 
fer from the syenite in proportions rather than kinds of minerals. Feld- 
spar crystals averaging 0.5 mm. in size make up 95 per cent of the pheno- 
crysts or about 20 per cent of the rock, and orthoclase greatly exceeds 
albite in amount. Aegirine phenocrysts are rare and are smaller. Many 
phenocrysts are broken or deformed. 

The finer-grained hybrid rock is holocrystalline, with euhedral aegi- 
rine, and anhedral feldspar and quartz. Minerals in the fine-grained 
syenite and the breccia fragments average 0.01 mm. in size. Orthoclase 
and albite make up about 65 per cent of the rock, while aegirine makes 
up about 25 per cent. Quartz and very minor amounts of biotite and 
apatite are also present as well as calcite, pectolite, and unidentified 
cloudy alteration products of feldspar. Pectolite and calcite have re- 
placed some of the feldspar. The pectolite is the same variety in the hy- 
brid rock and in the veins, and is described in the section on descriptive 


mineralogy. Narsarsukite occurs in the hybrid rock only in tiny pegma- 
titic patches or veinlets. 


Feldspar and Aegirine of the Hybrid Rock 


The composition of the potassic feldspar is Orgo(Ab++An)19 as deter- 
mined by the (201) method (Bowen and Tuttle, 1950). This single phase 
monoclinic feldspar has the optic plane normal to [010], is biaxial nega- 


tive, and has a large optic angle. The properties are those of orthoclase 
(MacKenzie and Smith, 1956, Fig. 1). 
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The plagioclase is low albite of composition Ans(Ab+Or)»5 according 
to the indices of refraction (Chayes, 1952) and the (131)-(131) separation 
(Smith, J. R., and Yoder, 1956; Smith, J. V., 1956). The orthoclase and 
albite show some zonal growth, and twinning is common in albite. 

Aegirine is present as euhedral rods and needles, as sheaves and radi- 
ating clusters, and as irregular clots. It is highly pleochroic, X = green, 
Y=blue green, and Z=yellowish green, and the absorption is X= Y <Z. 
The optic sign is negative, the optic angle is: estimated to be 80°, the 
dispersion is strong, and Z/\c is 79 degrees. 


Pectolite-Quartz-Narsarsukite Veinlets 


Hundreds of closely spaced veinlets make up as much as ten per cent 
of the rock in irregularly oriented fracture zones that cut the hybrid 
rock. The veinlets range from 0.01 mm. to 5 mm. in thickness, and are 
tens of centimeters in length. They cut phenocrysts and relict fragments 
alike, but apparent displacement along the fractures does not exceed a 
few millimeters. Pectolite is the dominant vein mineral, making up ap- 
proximately half of the material in the veins. Quartz and narsarsukite 
are also abundant, making up 25 and 20 per cent respectively of the vein 
material. Calcite and galena are the remaining primary minerals in the 
veins. The paragenetic sequence appears to be pectolite and narsarsukite 
oldest, followed by galena and calcite, with quartz youngest of all. 

The minerals of the veins are weathered in some specimens. The pecto- 
lite has been attacked most readily, and has darkened to a buff or brown 
color, or has become a cellular mass. The absence of black oxides in the 


alteration products suggests that the manganese content of the pectolite 


was low. The removal of pectolite and calcite in solution usually has been 
completed before the narsarsukite has been noticeably affected. Altered 
narsarsukite is a light buff or yellowish-brown material that probably 
contains leucoxene and other minerals. Galena cubes have become 
mantled with chalky cerussite and have persisted probably by virtue of 
this protective covering. The last stages of weathering have resulted in 
the solution of all the minerals except quartz, leaving an open meshwork 
of poorly shaped crystals. Specimens in this stage of weathering are com- 
mon in the float in Sage Creek and other creeks draining East Butte, 
suggesting the narsarsukite-bearing veins may be quite common in un- 
exposed parts of the area. 


DESCRIPTIVE MINERALOGY 


Narsarsukite 

Narsarsukite occurs as honey yellow euhedral tablets flattened on 
{001} and oriented such that the c-axis of most crystals lies in the plane 
of the veinlet. The largest crystals are seven millimeters across and three 
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millimeters thick. Some crystals are translucent and show faint sym- 
metrical zones that differ slightly in color. 

Prismatic cleavage on {010} is distinct, and is fair on {110}. The hard- 
ness is 6 on the basal plane and in the prism zone. The specific gravity 
was determined with a Berman microbalance, and the average of five 
determinations on samples weighing from 13 to 20 milligrams was 
2.783 + .014. 

Portions of ten crystals were examined with the optical goniometer. 
None of the crystals had perfect morphology, but all showed prominent 


a ae 


J 


Fic. 1. Habit of narsarsukite from Sage Creek, Sweetgrass Hills, Montana. 


basal faces and distinct first and second order prisms. Opposed tetrag- 
onal dipyramidal faces were observed on some crystals. An idealized 
crystal of typical habit is shown in Fig. 1. The crystals showed other 
forms, but their development was such that no crystal had more than 
one or two faces of each additional form, and no decision can be made 
from the morphology as to the symmetry along the two equal axes. The 
|hkO} faces are very small. The morphological work by Flink (1901) 
and the single crystal x-ray studies by Gossner and Strunz (1932) and 
Warren and Amberg (1935) show that the horizontal axes are not two- 
fold and do not contain a vertical plane of symmetry. However, it is 
certain that narsarsukite crystals have a center of symmetry. The center 
of symmetry is indicated from the new morphological evidence, from the 
natural etch pits on the crystal faces, from weak symmetrical composi- 
tional zoning indicated by the color of the crystals, and by a negative 
test for piezoelectricity with a Giebe-Schiebe detector. The symmetry 
class is therefore tetragonal dipyramidal, 4/m. 

Crystals oriented according to the axial ratio obtained from the x-ray 
study described below show the following forms: {001}, {010}, {110}, 
{130}, {120}, {011}, {021}, {221}. The order of prominence of the forms 


ia S 


is {001}, {010}, {110}, {011}, {120}, {130}, {021}, {221}. 
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TABLE 1. OpticaL PROPERTIES OF NARSARSUKITE 


Halfbreed Creek, 


Sage Creek, M 
pea oe ena ee (Graham) 


Greenland (Graham) 


€ 1.658-1.662 1.653-1.655 1.625-1.636 

w 1.610-1.614 1.608-1.612 1.604-1.609 

Sign Uniaxial (+) Uniaxial (+) Uniaxial (+) 

Birefring. 049 .041—.046 .021—.029 

Pleochroism: | E=honey yellow E=honey yellow E=colorless or pale yellow 
O=colorless O=colorless O=colorless 


The optical properties of the narsarsukite from Sage Creek are cited 
in Table 1 together with similar data for material from other occurrences. 
The values obtained by Graham were verified by examination of material 
he collected. Narsarsukite from Sage Creek has slightly higher indices 
and birefringence than Graham’s material. 

An indexed x-ray powder-diffraction pattern of narsarsukite from 
Sage Creek is given in Table 2. The cell dimensions determined from this 


TaBLE 2. X-Ray PowpER-DirFRaction Data, NARSARSUKITE, NazTiSiuOn, 
SAGE CREEK, SWEETGRASS Hitis, MONTANA 
Tetragonal dipyramidal; I 4/m (Csn®), a= 10.729 A, co= 7.943 A, c/a=0.741. F 
CuK a (Ni filter), \=1.5418 A; Camera diameter 114.59 mm.; dibs.) cut-off at 15.0 A; 
corrected for film shrinkage. 


hkl d(calc.) d(obs.) I hkl d(calc.) d(obs.) I 
110 7.580 7.609 3 521 1.931 1.931 1 
200 5.360 5.365 10 440, 1.895 1.896 1 
211 4.105 4.107 2 512 1.858 1.861 1 
002 3.974 3.976 5 600 1.787 1.787 3 
220 3.790 3.787 3 1.716 1 
310 3.390 3.394 8 1.695 1 
301 3.259 3.260 8 1.665 2 
202 3.192 3.191 2 1.630 1 
D2, 2.743 2.745 1 1.593 1 
400 2.680 2.674 1 1.550 2 
312 DS) 2.579 6 i513 1 
330 Re 2.524 6 1.488 1 
420 2.397 2.396 1 1.452 1 
213 2.319 2.320 2 1.410 1 
402 e222 DUR 1 1.391 1 
510 2.102 2.103 1 1.369 1 
422 2.053 2.054 1 1.327 3 
ne ee Boe? : 18 additional weak lines 
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TABLE 3. CELL DIMENSIONS OF NARSARSUKITE 


Gossner and Strunz* Warren and Amberg* 
Stewart (Montana) 


(Greenland) (Greenland) 
a 10.72 10.80 10.76 
C 7.94 8.01 7.92 
c/a 0.7414 0.741 ORIS3 


* kX converted to A by multiplication by 1.00202 (Bragg, 1947). 


pattern are listed in Table 3 and compared with values obtained by 
Gossner and Strunz (1932) and Warren and Amberg (1934) from speci- 
mens from Greenland. Fair agreement is shown. X-ray powder diffraction 
patterns of narsarsukite from Sage Creek, Montana, and Narsarsuk, 
Greenland, have identical spacings and intensities. 

The molecular weight of the unit cell of narsarsukite from Sage Creek 
was calculated to be 1532 from the measured cell dimensions and specific 
gravity, which is equal to four formula units of weight 383. This cor- 
responds very closely with the formula weight of NasTiSuOn of 382. 
Calculations of this sort by Warren and Amberg, and Gossner and 
Strunz yielded similar results. The chemical analysis by Ellestad 
(Graham, 1935) of narsarsukite from Montana calculates to the following 
when the determinations of ferric and ferrous iron by Schaller (Graham, 
1935) are substituted for Ellestad’s value: 


(Na1.s9K .o3Ca. or) (Ti. s0Fe.15/’’Meg osFe. o1’”) (AL o2Siz. 97) O10. 82 


The chemical evidence indicates that narsarsukite from Montana has 
much less substitution of ferric iron for titanium than does the material 
from Greenland. To check if this difference was the principal one caus- 
ing the higher birefringence of the Montana material, quantitative spec- 
trographic analyses on carefully purified material from Sage Creek and 
from Narsarsuk (U.S. National Museum No. 94332, w= 1.608, «= 1.631) 
were performed by Harry J. Rose, Jr., of the U. S. Geological Survey. 
The spectrographic analysis confirmed that iron was more abundant in 
the specimen from Narsarsuk, and titanium was more abundant in the 
specimen from Sage Creek. In addition, narsarsukite from Sage Creek 
was found to be significantly richer in niobium (0.6% Nb vs. 0.2%) and 
vanadium (0.2% V vs. 0.03%), both of which tend to increase the re- 
fringence and birefringence. 


Pectolite 


Pectolite occurs as white or light buff blades and clusters of radiating 
prisms and fibers lying in the plane of the vein. Some replacement of 
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feldspar by pectolite was noted along the vein borders. The crystals are 
elongated along the b-axis, and are flattened on {100}. The largest crys- 
tals seen were three centimeters long and three or four millimeters wide. 
Their thickness is less than a millimeter. The {100} cleavage is well 
developed and is more perfect than a distinct cleavage on {001}. Some 
of the crystals are twinned on (100), and others contain many low bire- 
fringent inclusions flattened parallel to (100). The optical properties of 
the pectolite are as follows: a=1.603; B=1.609; y=1.640 Ca O00 2a 
biaxial positive; 2V~45° (obs), 48° (calc); dispersion weak, r<v; 
X/\c= 14°. Cleavage plates on (001) extinguish parallel to the trace (100); 
(100) plates extinguish 4° from the trace of (001). An x-ray powder-dif- 
fraction photograph was identical with one of pectolite from Bergen, New 
Jersey. The optical properties correspond to those of manganpectolite 
containing approximately 10 mol per cent Mn,NaSiz;0s(OH) (Schaller, 
1955; 1025). 


Quartz, Calcite, and Galena 


Quartz occurs as smoky or colorless subhedral to euhedral crystals 
averaging 1 to 2 millimeters in size, and only a few crystals are 3 to 4 
millimeters in longest dimension. In a few cases euhedral quartz crystals 
which project into veinlets grew in optical continuity with broken quartz 
grains along the margin of the fracture. Calcite occurs as irregular white 


to colorless grains that rarely exceed 2 millimeters in size. Cubes of 


 galena 1 millimeter on an edge are found associated with the calcite and 


quartz. 


COMPARISON WITH OTHER LOCALITIES 


Graham’s locality near Halfbreed Creek was not visited but specimens 
collected by him and now in the collection of the U. S. National Museum 


_ (No. 105717) were examined. The epidote reported by Graham was not 
- found and is believed to have been aegirine, and the clinozoisite reported 
is pectolite. No alunite was found. 


The mineralogy at Graham’s locality differs from that at Sage Creek 
in that the hybrid rock is somewhat richer in quartz, and the narsarsukite 
is not restricted to veins. Pectolite is not nearly as abundant, but much 
more galena is present. Paragenetic relations suggest that narsarsukite, 
pectolite, galena, and quartz were essentially contemporaneous. 

Descriptions of the paragenetic sequence and assemblages at Narsar- 
suk, Greenland, are given by Flink (1901) and Gordon (1924), and are 
well summarized by Bégglid (1953, 319): Narsarsukite “1s generally 
accompanied by the minerals which most frequently occur in the pegma- 


tite veins of this locality viz., feldspar and aegirine, but it is most charac- 
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teristic of the mineral that it nearly always occurs together with quartz. 
Of the minerals mentioned the aegirine is as a rule older than narsarsuk- 
ite, the others younger, which also applies to the various rarer minerals; 
there is however a younger generation of small crystals of narsarsukite.” 
Microcline, albite, galena, and calcite are common members of the as- 
semblage, but no pectolite is reported as occurring with narsarsukite. It 
can be seen that the assemblages are similar in Greenland and Montana. 


GEOCHEMISTRY OF NARSARSUKITE 


The occurrence of narsarsukite seems to depend upon circumstances 
where there is an excess of silica, a high partial pressure of oxygen, and 
an abundance of sodium and titanium. The last two conditions are 
probably characteristic of alkalic igneous rocks in general, but these 
rocks are undersaturated in silica so that a variety of unusual alkali- 
alkaline earth titanium silicates usually form during crystallization. It 
appears that reaction of emanations from alkalic magmas with siliceous 
wallrock is required for the formation of narsarsukite, and the formation 
of this mineral can be regarded in a way analogous to skarn minerals in 
lime-silicate metasomatism. It follows that the most probable sites for 
other occurrences will be where quartzites or other highly siliceous coun- 
try rocks are cut by alkalic intrusive rocks and conditions are such that 
a high partial pressure of oxygen is present. Under conditions of lower 
partial pressure of oxygen, neptunite (NaeFeTiSi,Oi) forms, or pre- | 
existing narsarsukite will be altered to neptunite (Flink, 1901, 129-130). 

The coexistence of aegirine and narsarsukite suggests that hematite, 
rutile, magnetite or even ilmenite might also be expected, representing 
an excess of either iron or titanium. Strangely enough these minerals 
are not reported, and their absence is not easily explained. If saturation 
with iron and titanium could be established and if narsarsukite and 
aegirine form a discontinuous solid solution series where Fe’’”’ substitutes 
for Ti in the formula NagTi_,Fes,Sis;On4,, it might be possible to use 
these two minerals as a geologic thermometer. Possibly ramsayite, 
NagTirSiOs, is the sodium titanium silicate stable with quartz and rutile, 
and the assemblage quartz-narsarsukite-rutile is not possible. However 
there is as yet no evidence on this point. 

The geologic evidence suggests that the total rock cover at the time of 
deposition of narsarsukite in the Sweetgrass Hills did not exceed 5000 
feet. Assuming total vapor pressure in the mineralized zones to be equal 
to or only slightly greater than rock pressure, the maximum vapor pres- 
sure probably did not exceed 1000 atmospheres. The temperature of 
deposition cannot be determined at present, but the apparently rela- 
tively low calcium content of the hybrid rock and the presence of two 
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alkali feldspars in it are taken to indicate that the temperature could 
not have greatly exceeded 650° C. at 1000 atmospheres, otherwise only 
a single phase alkali feldspar would be present. The presence of pectolite 
is also taken to indicate relatively low intensity conditions of minerali- 
zation. The strikingly similar assemblages from Narsarsuk may also be 
representative of quite low intensity conditions. 
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ON THE HYDRATES OF SODIUM CARBONATE, A 
CORRECTION, AND THE CRYSTALLOGRAPHY 
OF TRONA 


A. Past, University of California, Berkeley, California. 


ABSTRACT 


Reexamination of material earlier described as the hemipentahydrate of sodium carbon- 
ate, NaxCO;:23H,0, proves it to be NasH(COs)2: 2H20, trona. It is shown that all reports 
of the hemipentahydrate probably involved the same misidentification. A new setting of 
trona is based on the cell dimensions a) 20.11A, bo 3.49, co 10.31, 8 103°-8’, space group 
12/c. This is reconciled with previous settings and a revised angle table and indexed 
powder pattern are given. 


Many years ago the writer, Pabst 1930, published observations sup- 
posedly applying to the hemipentahydrate of sodium carbonate, Na2CO3 
-25H.O. This hydrate had first been reported by Morel (1889) as crystal- 
lized slowly from a solution of NagCO; between 18 and 25° C. Blasdale 
(1923) reported this phase as crystallizing metastably at 25° C. over a 
large range of composition of aqueous solutions of the carbonates and 
chlorides of sodium and potassium. 

Mr. H.S. Peiser (1957) has kindly pointed out that the supposed hemi- 
pentahydrate was probably the sesquicarbonate, NazCO;- NaHCO; 
-2H.O, trona. Fortunately the material used by Pabst (1930), mostly 
the products of crystallizations carried out in 1926, had been preserved ~ 
and reexamination quickly showed that the material earlier described as 
the hemipentahydrate is, in fact, the sesquicarbonate as suspected by 
Peiser. 

Morel (1889) reported a water content of 29.7 to 30.0 per cent and 
Blasdale (1923, p. 2937) reported percentages of water ranging from 
29.90 to 32.10. Neither specified the method of analysis. The ideal water 
content of the supposed hemipentahydrate would be 29.82 per cent by 
weight. If the sesquicarbonate is heated so that only anhydrous NasCO; 
remains the combined weight loss due to water and carbon dioxide driven 
off would be 29.66 per cent. The unreported ‘‘water content” of the ma- 
terial designated hemipentahydrate by Pabst (1930) was estimated from 
ignition loss. It may be presumed that Morel and Blasdale made their 
“water determinations” in the same way. 

Since the “hemipentahydrate” had been described as orthorhombic by 
Morel (1889), a description recorded by Groth (1908, p. 196), the mono- 
clinic sesquicarbonate must be morphologically pseudosymmetric if 
these materials are identical. This feature had been noted by Ayres 
(1889), in describing crystals of artificial “trona,’”’ who said ““The sym- 


metry of these crystals may be viewed as almost orthorhombic’”’ (see 
hiseE ie: 2ep,,.05). 
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The optical characterization given by Pabst (1930) was defective. The 
optical orientation was only partly stated as “X=c.” Had it been fully 
established, Z would have been found nearly normal to a face taken as 
(110), in conflict with the orthorhombic interpretation. The best values 
for the refractive indices of trona are probably those of C. W. Bunn, re- 
ported by Brown, Peiser and Turner-Jones (1949), a=1.418, 6=1.492, 
y=1.543. Of the indices reported by Pabst (1930) for the supposed 
hemipentahydrate, a=1.435, @=1.492, y=1.547, the first is clearly in 
error. 2V calculated from the indices of Bunn is 75° 50’, in close agree- 
ment with the directly determined value, 76° 16’ (yellow), of Zepharo- 
vich (1888). 

The density of the supposed hemipentahydrate was given by Pabst 
(1930) as 2.053 on the basis of pycnometer determination. It has been 
redetermined on the same material by means of a Berman balance and 
found to be 2.11, just below the calculated density of the sesquicarbonate, 
2.13, given by Brown et al. (1949). 

In attempting to reconcile the old measurements which had been 
fitted to Morel’s orthorhombic elements with a monoclinic interpreta- 
tion it was found necessary to reexamine the several settings and ele- 
ments which have been assigned to trona. Trona crystals were first 
measured and recognized as monoclinic by Haidinger (1825). Later the 
elements of Zepharovich (1888) were most widely used and they appear 
in the 6th and 7th editions of Dana’s System of Mineralogy. They differ 
only slightly from those given by Ayres (1889). Earlier settings that had 
been chosen by Rammelsberg (1855, p. 155) and by Des Cloizeaux (1874, 
p. 169) found no acceptance and will not be considered here. The crystal 
structure of trona was described by Brown, Peiser and Turner-Jones 
(1949) using another setting, adopted also by Bacon and Curry (1956) 
and by Candlin (1956). The relations of these settings with one based 
on a cell having the shortest possible a and c axes are shown in Fig. 1 and 
Table 1. From these it will be clear that the morphological setting 
hitherto used corresponds to half of a centered cell, whereas doubling the 
a axis of this setting corresponds to choosing the shortest and next short- 
est translation directions in the plane of symmetry as ¢ and a respec- 
tively, the standard monoclinic setting. The space group designation, 
which is C 2/c for the cell chosen by Brown ef al., then becomes [2/c. 
One may also write /2/a since the space group Cz® has two sets of glide 
planes. 

Retabulation of the older goniometric measurements (Pabst, 1930) 
together with new measurements on crystals selected from the old ma- 
terial, on natural trona crystals from Searles Lake, California, and on 
newly prepared crystals of the sesquicarbonate (to be described below) 
as well as direct determination of the cell constants in the newly adopted 
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Fic. 1. The lattice of trona projected onto (010). Open circles represent lattice points 
displaced by b/2 from the Jevel of those represented by solid circles. The C-centered cell of 
Brown, Peiser and Turner-Jones (1949) is shown by dot dash lines. The I-centered cell re- 
sulting from choice of the smallest possible a and co is shown by full lines and a cell corre- 
sponding to the axial elements of Zepharovich (1888) or of Ayres (1889) is shown by dashed 
lines. (See also Table 1.) : 


setting, all showed agreement within the limits of error with the axial 
elements for the new setting calculated from the cell constants given by 
Brown, Peiser and Turner-Jones (1949). Since the difference between 
these elements and those of Zepharovich involves differences in coordi- 
nate angles of more than half a degree, a new angle table has been calcu- 
lated for trona, Table 2. The forms included in this table are those re- 
ported by Ayres plus {304} (old indices), a form referred to as prominent 


TABLE 1. AxIAL ELEMENTS FOR SODIUM SESQUICARBONATE 
DinypRATE, TRONA, AND TRANSFORMATIONS 


Zepharovich (1888) | Brown, Peiser and | Pabst (this paper), 
Turner-Jones (1949) | calculated from data 
; of Brown et al. (1949) 
azbic ao=20.41+0.03 A | ao=20.11+0.03 A 
2.8459:1:2.9696 | b= 3.49+0.01 bo= 3.49+0.01 
B=102°37' co=10.31+0.01 co=10.31+0.01 
Ayres (1889) ao:b03 Co doi botco 
Gs056 5.848:1:2.954 5.763:1:2.954 
2.8426:1:2.9494 | (22.924) (2X 2.881) 
B=103°29’ B=106°20' B=103°8' 
Zepharovich or Ayres 201/010/001 200/010/001 
Brown eé al. 201/010/001 101/010/001 
Pabst 300/010/001 101/010/001 
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Fic, 2. A. Stereographic projection of the principal forms of trona on (010). B. End view 
of supposed hemipentahydrate as described by Morel (1889). C. End view of supposed 
hemipentahydrate as described by Pabst (1930), orthorhombic indexing. D. End view of 
trona as pictured by Ayres (1889). E. Cleavage and optical orientation of trona according 
to Zepharovich (1888) as seen in cross section normal] to 6. 


on some crystals by Zepharovich, who also reported five other {h0/} 
forms. In the course of the present study over 20 forms were identified, 
including a dozen {01} forms not previously reported. However, the 
habit of both natural and artificial crystals was found to be similar to 


TABLE 2. ANGLE TABLE FOR TRONA CALCULATED FOR NEWLY DERIVED ELEMENTS BASED 
on X-Ray MEASUREMENTS OF BROWN, PEISER AND TURNER-JONES, 
(1949). Compare TABLE 1 


Monoclinic; prismatic—2/m 
a:bi:c=5.763:1:2.954 B 103° 8’ = Pot qo:ro=0.5126:2.8768:1 
ropoqz=0.3476:0.1782:1 yp 76°52’ po’ 0.5264, go’ 2.9540, xo’ 0.2332 


Indices 
g p 2 po=B gE A 
Dana*| New |B.P.&T.-J. 

001 | 001 101 COTO? ils} fy" 76°52’ ~~ 90°00’ == MOPS Di 
100 | 100 100 90 00 90 00 0 00 90 00 76°52’ — 
304 | 302 502 90 00 45 39 44 21 90 00 SP Sil 44 21 
101 | 261 301 90 00 YY 8 37 52 90 00 39 00 S52 
302 | 301 201 —90 00 53 23 143 23 90 00 66 31 143 23 
Ae 2 Lil 311 2B SY? 72 45 37 52 28 53 67 58 67 35 
Tid) 211 tg —15 30 71 56 129 20 23 38 (i WY 104 43 
211 | 411 511 38 22 US. 23 9 40 44 67 17 53 8 


to the elements of Zepharovich (or Ayres). Compare Table 1. 
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TABLE 3. REINTERPRETATION OF INTERFACIAL ANGLES REPORTED BY Passt (1930) 
FOR THE SUPPOSED HEMIPENTAHYDRATE 


aan Measured Calculated Zepharovich Pabst Calculated 
101 \101 Sl Siro2! 111A 111 211A 211 57°46’ 
011 A011 47 44 *47 24 Tass 211/211 47 16 
110/\110 76 27 $76 54 001 /\100 001/100 76 52 
010 A011 66 17 66 18 101A 111 201A\211 66 22 
010/110 51 46 51 33 101/\001 201/A\001 52 28 | 34 
010 /A\110 51 47 Sil os 101/100 201A\100 50 40 J 


* Should have been given as 47°26’ to correspond to Morel’s measured value. Discrep- 
ancy is due to calculation from rounded value of ¢/d, 0.439. 

+ This angle is erroneously given by Groth (1908) as 71°54’ due to the misprint in 
Morel’s report commented upon by Pabst (1930, p. 70). 


the habits described by Zepharovich and Ayres except for the constant 
presence of the form {201} (new indices) on the artificial crystals grown 
in solutions containing potassium, as shown in Fig. 2C. 

It is now possible to reinterpret the angle measurements that had been 
fitted to the orthorhombic elements of Morel. In Table 3 the old measure- 
ments (Pabst, 1930, Table 1) are reproduced together with the revised 
interpretation. The first four angles listed do not differ by more than 8’ 
in the calculated values for the two settings. The error of the orthorhombic 
setting arises from the failure to recognize that the last two angles are 
not equivalent. The average of the ideal values of these angles matches 
closely the ideal value in the faulty interpretation. The pseudoortho- 
rhombic cell obtained from the cell of Brown e/ al. by the transformation 
101/103/040 or from the newly chosen cell by the transformation 
102/102/040, has the axial elements a:b:c=0.793:1:0.437, a=6=90°, 
7y=91° 28’, very close to the orthorhombic elements given by Morel, 
a:b:c=0.794:1:0.439, a=8=y=90°. Evidently Morel made very good 
measurements. 

Figure 2 shows the pseudoorthorhombic character of trona in stereo- 
graphic projection, together with several (010) elevations and a diagram 
of the optical orientation as determined by Zepharovich (1889, p. 138). 
All other published observations on the orientation of trona are essen- 
tially in agreement with this.* 

It is quite certain that the crystals described by Pabst (1930) as the 
hemipentahydrate of sodium carbonate and now shown to be the sesqul- 
carbonate were the same as those described as the hemipentahydrate by 


* The statement in Winchell’s Elements of Optical Mineralogy, pt. II, 4th ed., 1951, 
page 126 that “Y (c= —17°” clearly should be “Y Ac=—7°.” 
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Blasdale (1923). They were obtained in the course of evaporation of an 
equimolal solution of sodium and potassium carbonates at 25° Cy thats, 
within the range of compositions in which Blasdale obtained his “hemi- 
pentahydrate.” Apparently the excess of COs in the crystals entered the 
solution from the air since only neutral carbonates were used as starting 
materials. 

The experiment of Morel was imitated by slowly evaporating solutions 
of NazCO; at room temperature, 24 to 28° C., slightly warmer than the 
temperature range of the original. Slow evaporation in crystallizing 
dishes protected only by a dust cover and with free access of air yielded 
clusters of the acicular sesquicarbonate crystals together with more or 
less equant crystals of the monohydrate (thermonatrite). In one series 
of crystallizations the crystals formed after a few days were redissolved 
by addition of a little water. This was repeated and upon the third and 
final evaporation of this lot abundant sesquicarbonate formed before 
any monohydrate. 

Several studies, summarized by Seidell (1940, pages 1193-1198), have 
shown that the sesquicarbonate may be precipitated at very low con- 
centrations of bicarbonate. At room temperature, under equilibrium, at 
extremely low bicarbonate concentrations, it may be accompanied by 
the decahydrate or possibly the heptahydrate. In only one trial was one 
of these, probably the decahydrate, obtained. It formed alone in clear, 
platy crystals by rapid precipitation from a solution of small volume 
and large surface area. The crystals effloresced rapidly in dry air, being 
transformed into pseudomorphs by coalescence of many clusters of the 
dehydration product arising at various points in each crystal. The proc- 
ess can be easily followed with a binocular microscope, and the pseudo- 
morph of a suitably small, elongate, crystal makes a perfect powder 
preparation yielding an x-ray diffraction pattern showing only the lines 
of the monohydrate, thermonatrite. 

The ASTM X-ray powder data file contains 3 cards for trona, 1-0938, 
1-1077 and 2-0601. The first of these is stated to be for the decahydrate, 
though the material is named “‘trona” and the optical properties and 
density of trona are given on the card. The pattern recorded on card 
1-0938 however, is not that of trona and presumably is that of the dec- 
ahydrate. It coincides with the decahydrate pattern given under num- 
ber 794 by Hanawalt, Rinn and Frevel (1938). Pattern number 793 of 
these authors, referred to NayCO3;-23H20, is the sesquicarbonate pattern. 
This was taken into the ASTM file as 1-1077 for trona implying a cor- 
rection analogous to that here set forth. Table 4 records a powder pat- 
tern for trona indexed for all lines to 2.0 A. The indexing has been 
checked by comparison with Weissenberg and precession patterns. 

The false reports of the existence of Na2CO;-23H2O have given rise to 
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TaBLeE 4. X-Ray PowpER DIFFRACTION PATTERN OF SODIUM 
SESQUICARBONATE, TRONA. Cu RapiATiIon, Ni FILTER 


Observations on trona from Searles Lake, California, and artificial material agree ex- 
actly. Calculated spacings for all possible lines with d>2.00 A, for cell of dimensions 
ap 20.11 A, bo 3.49, co 10.31, B 103°8’; space group [2/c 


hkl Mayes, Gone Gonles hkl Nenee dope: deale. 
200 ms 9.88A 9.79A 404 2.475 
002 — — 5.02 512 2.471 
202 4.95 800 ms 2.447 2.448 
m 4.92 
400 4.90 213 2.441 
202 vw 4.12 4.11 802 Ww 2.426 2.429 
402 Ww 4.00 3.99 013 2 ANG] 
110 Ww 3.43 3.44 611 2.411 
O11 3.30 413 DBs 
600. 3.26 204 2.310 
ms Se Al : 
211 3.20 213 m 2e209 2.262 
402 Sia il? 611 2.238 
310 3.08 710 2.183 
$s 3.08 vw 2.186 
602 SOV 512 2.182 
211 3.06 1) Ww 2.149 2.146 
iP 2.89 613 Ww 2.119 NIN) 
411 2.83 114 2.067 
Ww 2.060 
112 vw Def) 2.79 314 2.057 
312 mw 2.76 DBAS 404 2053 
411 vs 2.659 2.645 811 m 2.040 2.039 
510 2.606 413 2.038 
m 2.032 
204 Ww DOS 2.578 802 2.027 
004 DSM mw 1.996 
mw 2.510 
312 2.508 mw 1.965 
602 vw 2.485 2.491 Ww 1.886 


and over 30 additional lines 


confusing statements in several standard works of reference. In Winchells’ 
Microscopic Characters of Artificial Inorganic Substances, 2nd ed., New 
York, 1931, the hemipentahydrate is described on page 200 largely on 
the basis of Pabst’s faulty work and in a footnote it is suggested that 
“Larsen’s data for ‘trona’ from Vesuvius may apply to this substance,” 
a most unfortunate reversal of the situation as it is now revealed. In The 
Barker Index of Crystals, Volume 1, Part 2, Cambridge, 1951, the hemi- 
pentahydrate is described under number 0.369. This description is 
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largely based cn Groth, but, the misprint of an interfacial angle taken 
over by Groth from Morel (see second footnote to table 3 of this paper) 
not being recognized, new axial elements are calculated and a “correc- 
tion” of Groth’s elements which had been properly copied from Morel is 
given. These new elements correspond to no crystallographic measure- 
ments at all, not even to an orthorhombic interpretation of trona. 

Equilibrium crystallization of NazCO;:23H2O over a wide range of 
compositions at 0° and 15° C. in the system H.O-NH,Cl-NasCO; was 
reported by Mondain-Monval (1922) who referred to this phase as 
“carbonate de Morel.” His work is the basis of Fig. 31, page 383, in the 
International Critical Tables, vol. 1V, New York, 1928. Mondain-Monval 
did not report how he identified the phase but it may be confidently as- 
sumed that this was another case of failure to recognize the appearance 
of the sesquicarbonate. 
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THE ORIGIN OF THE VERMICULITE DEPOSIT 
AT LIBBY, MONTANA 


Wittram A. Bassett, Columbia University, New York, N. Y. 


ABSTRACT 


The country’s largest vermiculite mine at Libby, Montana has been studied and the 
origin of the vermiculite deposit investigated. The ore body lies in an augite pyroxenite, 
which has been altered to biotite, hydrobiotite, and vermiculite. Numerous syenite dikes 
may be observed in the pyroxenite. 

Ion exchange experiments show that biotite alters to vermiculate at room temperature 
in solutions of 0.001 molar magnesium or calcium chloride. Roy and Romo’s evidence for 
the instability of vermiculite under hydrothermal] conditions and its application to the ori- 
gin of the vermiculite deposit at Libby, Montana is discussed. A mechanism is suggested for 
the formation of hydrobiotite, a regularly interstratified biotite-vermiculite. 

It is concluded that augite altered to biotite at the time of the intrusion of the syenite 
dikes, and that the biotite was altered to hydrobiotite and vermiculite by supergene solu- 
tions. 


INTRODUCTION 


Vermiculite deposits of non-sedimentary origin are widely recognized, 
and many of them are similar in certain aspects. Vermiculite occurs as an 
alteration product of mafic minerals in an ultramafic body which has been 
intruded by small dikes and sills of acidic rock, usually pegmatites. The 
vermiculite usually occurs in fractures, along contacts of the ultramafic 
body with the country rock and along contacts between the ultramafic 
rock and the acid rock. It is accompanied by other alteration minerals 
such as antigorite,-chrysotile, chlorite, talc, pyrophyllite, biotite, and 
amphiboles. 

Vermiculite occurrences have been attributed both to hydrothermal 
and to supergene origins by different workers. Kulp (1954), in his study 
of the Day Book Dunite of Yancey County, North Carolina, attributed 
vermiculite to the supergene alteration of phlogopite. Hadley (1949) 
concluded that the vermiculite at Buck Creek, Clay County, North 
Carolina was the direct consequence of the intrusion of the pegmatite. 
Hagner (1944) studied the Wyoming vermiculite deposits and found evi- 
dence for the hydrothermal origin of the vermiculite. Thus, the origin of 
vermiculite deposits formed in seemingly similar environments has re- 
ceived different interpretations. 

Libby, Montana is petrologically and mineralogically one of the 
simplest of the vermiculite deposits. Three sheet silicate minerals, bio- 
tite, hydrobiotite, and vermiculite, are involved. The original ultramafic 
was nearly a single mineral, augite, and the intruding acid rOCk +a, 
syenite, is of simple composition. The simplicity of the mineral relation- 
ship has made it possible to study each chemical change and mechanism 
involved in the formation of the vermiculite deposit. 
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The term vermiculite in this paper refers to the mineral as defined by 
x-ray, optical, and chemical properties (Grim, 1953). The terms vermicu- 
lite deposit and “vermiculite” refer to the material of commercial interest 
which generally contains biotite and hydrobiotite in addition to vermicu- 
lite. 


THe MINING OPERATION 


The Zonolite Company operation, about seven miles northeast of 
Libby, Montana, is at present the largest vermiculite mine in the coun- 
try. The mine is on a hill about 4,000 feet above sea level and 2,000 feet 
above the Kootenai River, which flows through the valley three miles 
from the mine. 

The mine is a large open pit (Fig. 1) with ten benches and has been in 
operation since 1923. The ore is handled by power shovels and heavy 
trucks. Little blasting is necessary, since the ore is soft and can be 
worked directly by the shovels. One ton of waste is mined for each ton 
of ore, and approximately 1,200,000 tons of ore are processed each year 
in a mill located just below the mine. The mill produces about 140,000 
tons of concentrate each year, employing both wet and dry processes. 
This concentrate is shipped to various distributing points throughout 
the country, where it is heated in furnaces to 2,000° F., causing expan- 
sion to as much as 20 times its original volume. In this form it is marketed 
for insulation and horticultural purposes. The early history of the opera- 
tion is described by Kriegel (1940). 


GEOLOGICAL SETTING 


The ore body is a pyroxenite which intruded the Belt Series sediments 
and was later altered. Pardee and Larsen (1929) describe the Belt Series 


Fic. 1. The upper benches of the Zonolite mine at Libby, Montana. 
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in this area as argillites and quartzites which exhibit moderately steep 
dips and open folds that trend northwesterly. Near the borders of the 
pyroxenite, the argillites show metamorphism to hornstone which in 
places carries magnetite. 

Pardee and Larsen’s geologic map shows the pyroxenite as an irregu- 
larly shaped body about 3.5 miles long by 1.5 miles wide, with its long 
axis north-south. The original material was almost entirely augite, which 
was invaded by syenite dikes and subsequently altered to biotite, hydro- 
biotite, and vermiculite. 

Southwest and adjacent to the pyroxenite is a syenite intrusive about 
two-thirds as large, which consists principally of potash and soda feld- 
spars. Pardee and Larsen (1929) report hornblende, fluorite, apatite, 
sphene, rutile, biotite, and garnet as accessory and secondary minerals. 
A dike-like projection of the syenite extends into the pyroxenite. The 
syenite dikes which cut the pyroxenite range from a few inches to several 
feet in thickness (Fig. 2) and were probably fed by the major projection 
of the syenite. 


Pyroxenite 


The pyroxenite was probably originally an almost pure coarse-grained 
augite. Crystals as much as 3 inches long are easily discernible, even 


Fic. 2. A typical syenite dike cutting the altered pyroxenite, 
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Fic. 3. Horizontally oriented crystals in the wall of the mine. The vertical marks 
at the left were made by a power shovel. 


though some of them are almost completely altered. The larger crystals 
show a strong horizontal orientation (Fig. 3). At many points, domains 
of horizontally oriented crystals are distinctly cut by domains of finer 
grained augite showing vertical flow features. These domains of ver- 
tical flow are particularly conspicuous because of their vertical banding 
(Fig. 4). 

New magma from below might have produced the vertical flow fea- 
tures, but such a mechanism should produce grosser and more contin- 
uous features rather than the small domains observed. 

The contacts of the pyroxenite are characterized by a high concentra- 
tion of magnetite and apatite. Where the pyroxenite is in contact with the 
Belt sediments, augite, magnetite, and apatite have penetrated a short 
distance into the metamorphosed sediments as dark fine-grained (1 mm.) 
bands. In the pyroxenite, magnetite and apatite are more abundant near 
the contact. Both minerals are fine-grained (5 mm.) and are dissemi- 
nated in a relatively fine-grained augite. The apatite occurs as well crys- 
tallized hexagonal prisms. Since the rock is friable because of the altera- 
tion of the augite, the prisms readily separate. The magnetite-apatite 
zone appears both along the pyroxenite-syenite contact and the pyroxe- 
nite-sediment contact. 


Syenile 

The mine workings have exposed numerous thin syenite dikes, rang- 
ing from a few inches to several feet thick, which cut the pyroxenite 
(Fig. 2). The syenite consists of potash and soda feldspars intergrown as 
perthites in some places and discrete in others. The ratio of soda to pot- 
ash feldspar varies from point to point. The individual dikes almost cer- 
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Fic. 4. Vertical flow features in the pyroxenite. These probably represent later injections 
of augite magma. Thin asbestos veins cross diagonally. 


tainly represent different introductions of magma separated by short 
intervals of time. Pardee and Larsen observed minor textural variations _ 
in the main body of syenite, which they attributed to separate introduc- 
tions. In some places, the syenite is quite dark, due to the presence of 
finely disseminated hornblende crystals. The hornblende is probably not 
a product of the syenite magma but is the result of assimilation of augite 
by the syenite magma. Figure 5 shows crystals cutting across a syenite- 
pyroxenite contact. These crystals are augite at the end which extends 
into the pyroxenite and hornblende pseudomorphous after augite at the 
end which projects into the syenite. 


Alteration Products of the Pyroxenite 


Four alteration minerals predominate, asbestos (tremolite-actinolite), 
biotite, hydrobiotite, and vermiculite. The name hydrobiotite was 
applied by Gruner (1934) to interstratified biotite-vermiculite from 
Libby. This mineral, along with vermiculite and biotite, constitutes the 
commercial ‘‘vermiculite”’ ore. 

Many thin (approximately 1 inch), white asbestos veins cut through 
the pyroxenite. The asbestos has been identified by x-ray diffraction and 
optically as tremolite-actinolite. It differs from augite in that it contains 
water and has a higher silica content. Some thick asbestos veins contain 
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Fic. 5. A small syenite dike (S) which has altered projecting 
augite crystals (A) to hornblende (H). 


cores of quartz, which indicates that silica-rich solutions were probably 
responsible for altering augite to tremolite-actinolite (Fig. 6). This quartz 
is the only free silica found in the mine. 

The asbestos is also found disseminated through the intrusive as thin 
layers along cleavage planes of the augite. These tend to greatly exag- 
gerate the cleavage, and as a result, complete crystals or even large 
fragments of augite are almost impossible to find. 

Biotite, hydrobiotite, and vermiculite are widely distributed general 
alteration products of the augite. These minerals are also found along 
cleavage planes of the augite (Fig. 7). Their orientation is derived from 
the augite by this mechanism and remains even where no original augite 
exists. 

Unaltered patches of augite several feet across are found in the mine. 
These appear to be domains which were not permeated by the altering 
solutions. Similarly, there are patches of biotite which have not been 
altered to hydrobiotite and vermiculite. This feature is the strongest 
field evidence for the derivation of hydrobiotite and vermiculite from 
biotite rather than from augite by hydrothermal action. The unaltered 
biotite patches are quite separate from the augite patches, suggesting 
that the alteration of augite to biotite and the alteration of biotite to 
hydrobiotite and vermiculite occurred at different times. 

Vermiculite differs from biotite in the composition of the intersilicate 
layer. The intersilicate layer in biotite consists of potassium ions, while 
the intersilicate layer in vermiculite consists of bivalent ions distributed 
between two layers of water molecules. Alteration from biotite to ver- 
miculite takes place when hydrated bivalent ions in solution replace the 
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Fic. 6. An offset asbestos vein showing a core of quartz. 


potassium ions in biotite. In hydrobiotite, potassium intersilicate layers 
alternate with intersilicate layers containing bivalent ions and water 
molecules. An analysis by the Zonolite Company of the exchangeable 
cations reveals that the concentrate from Libby contains 20.8 milli- 
equivalents of calcium and 12.0 milli-equivalents of magnesium per 
hundred grams of concentrate. A complete analysis of the concentrate is 
given in Table 1 (Zonolite 1954). 

An oriented sample of concentrate from the mill was run on the a-ray 
diffractometer (Fig. 8b). The resulting pattern indicates that biotite, 
hydrobiotite, and vermiculite are present in about equal amounts. Only 
about 1 per cent of the flakes in the concentrate, however, are discrete 
biotite and fail to exfoliate on ignition. In the commercial process, these 
unexpanded flakes are separated from the final product by air sorting. 


Fic, 7. Augite (A) partially altered to biotite (B) along cleavage planes. 
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Fic. 8. X-ray diffraction data. (a) Hydrobiotite from the Zonolite mine at Libby, 
Montana. (b) Concentrate from the mill at Libby, Montana containing biotite (B), hydro- 
biotite (H), and vermiculite (V). (c) Copper hydrobiotite (H) and copper vermiculite (V) 
synthesized from biotite (B). 


The biotite shown in the x-ray pattern is probably intimately mixed 
with the hydrobiotite and vermiculite. 

Only hydrobiotite and vermiculite provide the water which is turned 
to steam in the exfoliation process. One might expect the biotite to act 
only as a diluent decreasing the yield of the expanded material. This is 
not the case, however, for the biotite compensates for its deficiency as a 
source of steam by providing strength to the layers and impeding the 
escape of steam produced by the hydrobiotite and vermiculite. The bio- 
tite interstratified with vermiculite in the hydrobiotite probably serves 
the same function. 

A pure vermiculite from Corundum Hill, North Carolina, when ig- 
nited, shows a much greater tendency to decrepitate. Expanded con- 
centrate from Libby placed in water and prepared for x-ray diffraction in 
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TABLE 1. CHEMICAL ANALYSIS OF CONCENTRATE FROM LiBBy (ZONOLITE, 1954) 


0 ee Nw nmio dns Giriicd obs au bec ode or 38.64 
it. 0 Snorer ohana DucWagedboDe sooo aonb te an ees oe 22.68 
AJ5O3. vs ctat shee oo etude tonk ole Suen ee 14.94 
1X) Oa En nrin oud Sedo dio aoe. cums eda chns ; ry 
0 ee ne be iG Sad Gc acow ob ouw rhode at oa ae 

CAO lore caciic eles Coen Se te eee 123) 
Cr2O3 ee en ran os eo. cerca i Dit a Gk O At sts tet oo ree 1 0 29 
Mn304 eer rer Were eer: oO OKn crc nn chase occ oe 2S au oO GS Sa oe 0 All 
| 0) a ee Ae A reco boo coo hadaromeeo gous trace 
er en et ean en coh A op ae eG aves oS tego trace 
 @) ee ne eT One Sn ie oceania aoc.c bo adloot aoe oes 0.28 
SO 6 er ee nr. Gaeta s abnS wand acnds on we 5.29 
Torta siccce cjg fistn Pe 8s Ge Wektecvae teceh ase ease eel Ee 100.59 


a Waring Blendor yields a biotite diffraction pattern. Expanded vermicu- 
lite from Corundum Hill prepared in the same way gives a diffraction 
pattern showing a 9.4 A reflection resulting from the collapse of the 
vermiculite lattice after the interlayer water is driven out. It is of in- 
terest to note that biotite seems to be an essential constituent of com- 
mercial ‘‘vermiculite.” 


OPTICAL DATA 


Both color and refractive index change as biotite alters to hydrobio- 
tite and vermiculite (Table 2). The color of the unaltered biotite is 
gray-green, whereas the color of the hydrobiotite is hight brown and 
vermiculite is neutral gray. These color differences are used by the miners 
in selecting ore and avoiding the domains of unaltered biotite. The re- 
fractive index and the birefringence decrease as the water content in- 
creases from biotite to hydrobiotite to vermiculite. The optic sign and 
the 2V remain unchanged. 

The partial alteration of a flake of biotite to vermiculite is shown in 


TABLE 2. OpticaL DATA ON THE ORE MINERALS FROM LIBBY 


Mineral Color a OY Ya. OLSEN 
Biotite Gray-green 125/08 1 o10MOZ040 (>), 0-52 
Hydrobiotite Light brown 1.560 11.595" 0.035 (=) 055° 


Vermiculite formed syn- Neutral gray. Berlin blue 
thetically from biotite under crossed nicols 1593 Opis a 50 02025 (Cy eO=5e 
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Fic. 9. A biotite flake which has been altered to vermiculite along the edges by 
immersion in a molar magnesium chloride solution at 100° C. for 6 hours. 


Fig. 9. The biotite was placed in molar magnesium chloride at 100° C. 
for 6 hours. The change in refractive index shows clearly the penetration 
of the alteration into the flake. Under crossed nicols, the rim of ver- 
miculite has an anomalous blue birefringence of the first order, similar 
to that found in penninite. 


LABORATORY INVESTIGATIONS 


Field observations at Libby, Montana suggest that hydrobiotite and 
vermiculite formed as alteration products of biotite which had previ- 
ously been formed by the alteration of augite. Separate domains of 
unaltered biotite and unaltered augite suggest that there were two 
periods of alteration: soaking of the pyroxenite with alkali-silica rich 
hydrothermal solutions to produce biotite from the augite, and soaking 
of the pyroxenite, now partially altered to biotite, with magnesium- 
calcium rich solutions to produce hydrobiotite and vermiculite from the 
biotite. The depth to which the ore extends indicates that both of the 
altering solutions permeated the pyroxenite. Such extensive permeation 
suggests hydrothermal solutions; yet the high relief of the region could 
also permit deep penetration of the supergene solutions. 

These field observations suggest some questions which might be re- 
solved by laboratory experiments: 

1. Under what conditions does biotite alter to vermiculite? 

2. Is vermiculite stable under hydrothermal conditions? 

3. What is the nature of the mixed layer structure observed in hydro- 
biotite and what conditions lead to its formation? 
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Alteration of Biotite to Vermiculite 


Barshad (1948) conducted ion exchange experiments on vermiculite 
and biotite. He showed that vermiculite can be produced by placing 
biotite in a solution of neutral molar magnesium chloride at 70° C. for 
10 days. The use of large samples (0.5-2.0 grams) made it necessary to 
change the solutions and wash the samples daily. He showed also that 
the vermiculite can be altered to biotite by placing it in a potassium 
solution. 

The writer was able to confirm these results and extended the ion 
exchange experiments to include a greater variety of concentrations, 
temperatures, and reaction times (Table 3). The results indicate that 
the reaction proceeds under much less intense conditions than those 
used by Barshad. Some of the unaltered biotite from Libby altered par- 
tially to vermiculite in a 0.001 molar magnesium chloride solution in 56 
hours at room temperature. It showed similar behavior in a calcium 
chloride solution of the same concentration. 

The failure of the reaction to go to completion may be attributed to 
two conditions: (a) the inhibiting effect of potassium in the solution and 
(b) an inherent reluctance of some of the biotite to alter to vermiculite. 
Potassium is released into the solution from the biotite as the mag- 
nesium enters the biotite to replace the potassium. As the concentration 
of the potassium in the solution builds up, the alteration of the biotite 
becomes slower until equilibrium is reached and the reaction is halted. 
Under laboratory conditions, this point is characterized by the co- 
existence of discrete biotite and vermiculite. Under natural conditions 
of more dilute solutions, greater reaction times, and more dynamic con- 
ditions, the failure of the reaction to go to completion is believed to 
result in mixed-layer biotite-vermiculite. This is discussed in more detail 
later. 

When 1 mg. of biotite from Libby was immersed in 50 ml. of 0.001 
molar magnesium chloride, the biotite altered completely to vermiculite, 
while 50 mg. of biotite under similar treatment (Table 3) altered only 
partially to vermiculite. This confirms the importance of the inhibiting 
effect of the potassium released from the biotite. 

The inhibiting effect of potassium is more pronounced when high con- 
centrations are used. A molar solution of magnesium chloride containing 
0.04 molar potassium chloride does not alter biotite to vermiculite. In 
more dilute solutions (0.001 molar), the potassium-magnesium ratio 
may be as high as 1:1 and still effect a partial alteration of biotite to 
vermiculite. 


Two significant facts are brought out by the experiments described 
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Tase 3. THE ARTIFICIAL ALTERATION OF BIOTITE TO VERMICU- 
LITE UNDER VARIOUS CONDITIONS 


Sample: Unaltered biotite from Libby, Montana 
Quantity of Sample: 50 mg. 

Sample Size: Smaller than 149 microns. 
Quantity of Solution: 50 ml. 


Percentage Bio- 
Number of Hours tite Alteration 
to Vermiculite 


Temperature 


Composition of Solution (aemecs ©) 


0.2 molar MgCl 100 56 100 

Oil molar MgCl 100 56 95 

0.01 molar MgCl, 100 56 60 

0.001 molar MgCl. 100 56 35 

1 molar MgCl Res 72 50 
0.2 molar MgCle Reslie 56 35 
| 0.1 molar MgCle Row 56 35 
| 0.01 molar MgCl. IR.An, 56 25 
| 0.001 molar MgCl. IRI, 56 15 

0.01 molar CaCle 100 24 45 

0.001 molar CaCle 100 24 35 

0.01 molar CaCle IRGIE 24 20 

0.001 molar CaCls REA 24 15 

0.001 molar CaCl. 

0.001 molar MgCl: 100 24 40 

0.001 molar CaCl 

0.001 molar MgCle IRSA 48 15 

1 molar MgCl 

0.02 molar KCl 100 48 30 
| 1 molar MgCle 

0.03 molar KCl 100 48 10 

1 molar MgCle 

0.04 molar KCl 100 48 <il 

0.001 molar MgCls 

0.0001 molar KCl 100 48 70 

0.001 molar Mg 

0.001 molar KCl 100 48 40 


* R.T.=room temperature. 


above. The first is that biotite readily alters to vermiculite under condi- 
tions of very low concentrations, low temperatures, and short reaction 
times. The other is that when the potassium concentration in a solution 
exceeds 0.04 molar, biotite does not alter to vermiculite even CHS the 
magnesium concentration is molar and the temperature is 100 C. 
The first of these facts shows that vermiculite can form from biotite 
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under supergene conditions. The second indicates that the solutions 
which produced the vermiculite were probably quite separate in time 
from the alkaline-rich solutions which must have accompanied the intro- 
duction of the syenite at Libby. 


The Stability of Vermiculite under Hydrothermal Conditions 


Roy and Romo (1957) subjected vermiculite to hydrothermal condi- 
tions in a bomb. They found that at 10,000 p.s.i. the vermiculite under- 
goes a change when it is heated above 200° C. Above 200° C., the 4.7 A 
and 7.0 A reflections on the «-ray diffraction patterns increase in in- 
tensity with respect to the 14 A reflection. They suggest that a type of 
chlorite is formed, although the intensity relationships do not shift all 
the way to a chlorite pattern, but give a pattern representing some sort 
of mixture of vermiculite and chlorite. They suggest that magnesium 
ions migrate from the octahedral position of the vermiculite to the inter- 
silicate position where they increase the scattering power of the inter- 
silicate layer and decrease the scattering power of the octahedral layer 
to produce the changes observed in the x-ray pattern. 

Roy and Romo show the DTA patterns of vermiculite before hydro- 
thermal treatment and after hydrothermal treatment. The pattern of 
the vermiculite before the treatment has a pair of endothermic peaks in 
the range 100° C. to 300° C. The DTA pattern of the material after 
hydrothermal treatment shows a minor endothermic reaction at about 
180° C. and a strong endothermic reaction at about 640° C. 

Characteristically, vermiculite shows a pair of endothermic reactions 
between 100° C. and 300° C., due to the loss of H2O from the intersilicate 
position. The low temperature peak is attributed to the loss of water 
molecules not in contact with the magnesium ions. The higher tempera- 
ture endothermic peak results from the removal of the more tightly 
bound water molecules in contact with the magnesium ions (Mackenzie 
1957, p. 194). Chlorite gives a DTA pattern with a strong endothermic 
reaction in the range 450° C. to 650° C. due to dehydroxylization of the 
brucite layer (Mackenzie 1957, p. 215). 

The writer suggests a different interpretation from that offered by Roy 
and Romo for the changes taking place in the vermiculite when treated 
hydrothermally. The DTA diagrams indicate the presence of hydroxyl 
ions in the intersilicate position along with H,O molecules rather than 
just H:O molecules as shown in Roy and Romo’s diagrams. The writer 
suggests that hydrolysis takes place in the bomb, providing the mag- 
nesium ions with hydroxyl ions in their hydration envelopes. Thus, more 
magnesium ions can be accommodated in the intersilicate position be- 
cause some of the positive charge of the magnesium ions is balanced by 
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the hydroxyl ions. It would be interesting to know if vermiculite would 
alter to chlorite completely if more magnesium were made available. 
Regardless of the interpretation, the data strongly suggest that ver- 
miculite does not continue to exist as vermiculite under hydrothermal 
| conditions (10,000 p.s.i. over 200° C.) and that it therefore’ could not 
form under hydrothermal conditions. The only reservation which the 
writer has in arriving at such a conclusion is that the acidity of the 
hydrothermal solution might have a pronounced effect on the tempera- 
ture at which the transition from vermiculite to chlorite takes place if 
the transition is actually effected by hydrolysis. There is a need for more 
extensive experiments in this realm of investigation. 


Hydrobiotite (mixed-layer biotite-vermiculite) 


Gruner (1934) described a specimen from Libby, Montana which he 

_ found to be mixed-layer biotite-vermiculite and which he designated 

| hydrobiotite, since it retains many of the characteristics of biotite and 
yet contains a large quantity of water. 

Two types of mixed-layer structure exist, randomly interstratified and 
regularly interstratified. The randomly inierstratified mixed-layer struc- 
ture gives an irrational sequence of basal reflections on a diffractometer 
diagram. That is, the reflections cannot be indexed (001), (002), (003), 
etc. Instead, they occur between adjacent reflections of the component 
minerals. On the other hand, the regularly interstratified mixed-layer 
structure gives a rational sequence of reflections with a (001) reflection 
having a spacing which is the sum of the spacings of the components. 
The reflection for the sum of the spacings of the components may some- 
times be observed in randomly interstratified mixed-layer structures 
(Weaver 1956, p. 217) but is generally broad. 

Hydrobiotite from Libby, Montana was prepared in distilled water in 
a Waring Blendor for 5 minutes. The suspension was allowed to sit for 
a minute while the coarse fragments settled out. Then the fines (less than 
50 microns) were transferred in suspension to a settling dish where they 
were sedimented onto a glass slide for 10 minutes. The water was then 
removed and the sample air dried. 

Three samples of hydrobiotite from different parts of the mine were 
prepared in this way and run on the a-ray diffractometer immediately 
after preparation. The resulting patterns had rather broad reflections, 
with the most intense reflection at 11.5 A, which were found to be in fair 
agreement with the values reported by Gruner (1934). The same samples, 
still mounted on the glass slides when rerun a month later, gave results 
(Fig. 8a) quite different from those obtained earlier. The reflections were 
sharp and the most intense reflection had shifted to 12.4 A. 
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The change which took place is attributed to a change in the degree 
of hydration of the vermiculite layers in the hydrobiotite. The vermicu- 
lite layers in the original sample are probably partially and randomly 
hydrated. After grinding to a fine particle size and exposure to the air 
for a period of a month, the layers picked up water and expanded to 
the full 14 A. 

A fully hydrated sample gives a rational series of basal reflections in- 
dicating that it is regularly interstratified (Fig. 8a). The spacing repre- 
sented by the (001) reflection is almost exactly the sum of the (001) 
spacings for the biotite (10 A) and the vermiculite (14 A) found at Libby, 
indicating that the ratio of biotite to vermiculite is 1:1 and almost cer- 
tainly a sequence of BVBVBVBVBV. 

The hydrobiotite occurs in the mine as domains several feet across in 
which there is almost no discrete biotite and vermiculite, as indicated 
by the diffraction pattern of hydrobiotite collected in situ (Fig. 8a). A 
sample of concentrate from the mill served as a representative blended 
sample of the micaceous minerals from a large portion of the mine. A 
diffraction pattern of this material (Fig. 8b) shows that hydrobiotite 
occurs in the same order of abundance as biotite and vermiculite in the 
mine. The sharpness of the hydrobiotite reflections indicates that there 
is no appreciable variation in the biotite to vermiculite ratio in the hydro- 
biobite, even when material is sampled from a large portion of the mine. 
The wide distribution of the 1:1 regularly interstratified biotite and 
vermiculite seems to indicate that this is a relatively stable configuration. 

None of the ion exchange experiments involving the immersion of bio- 
tite in magnesium and calcium solutions yielded hydrobiotite. However, 
mixed-layer biotite-vermiculite has been produced experimentally in 
two ways: (a) by immersing 10 mg. of biotite in molar cupric chloride 
for 100 hours at 100° C. (Fig. 8c)* and (b) by immersing vermiculite in 
solutions of varying potassium concentrations. The former of these meth- 
ods yielded a regularly interstratified 1:1 mixed-layer structure and has 
been designated copper hydrobiotite (Bassett, 1958). 

The positions and intensities of the copper vermiculite reflections are 
different from those of magnesium and calcium vermiculite because 
hydroxyl ions accompany the copper in the intersilicate position. The 
latter method produced mixed-layer structures of varying ratios, depend- 
ing on the concentration of the potassium, the temperature, and the re- 
action time. It showed no tendency to form a stable ratio as found in 
the natural hydrobiotite or the synthesized copper hydrobiotite. This 
suggests that the hydrobiotite found at Libby, Montana formed from 
the action of dilute magnesium and calcium solutions on biotite rather 


* Copper hydrobiotite was synthesized during the investigation of copper bearing ver- 
miculites from Northern Rhodesia. 


VERMICULITE DEPOSITS AT LIBBY, MONTANA 297 


than the action of potassium on vermiculite. The solutions which pro- 
duced the natural hydrobiotite were probably even more dilute and 
required greater lengths of time than the most dilute solutions which 
altered biotite to vermiculite artificially. 

It is possible that hydrobiotite formed as a result of slight fluctuations 
in the potassium to magnesium (and calcium) ratio of the altering solu- 
tions. Such fluctuations could result from fluctuations in flow and tem- 
perature of the solutions. 

The following mechanism is offered as an explanation for the stability 
of the 1:1 regularly interstratified biotite-vermiculite: 

Potassium binds the silicate layers together more tightly than hy- 
drated magnesium or calcium because the bond length from the silicate 
sheet to the potassium ions in the biotite structure is shorter than the 
bond length from the silicate sheet to the magnesium or calcium ions in 
the vermiculite structure. If the potassium ions in a single layer of biotite 
are replaced by hydrated magnesium or calcium, then the bonding in 
that layer becomes weaker. As a result, the bonding in the adjacent layers 
which still contain potassium ions becomes stronger. The next layers of 
potassium ions to be replaced by hydrated magnesium or calcium are 
not the adjacent layers (because they are now more tightly bound) but 
the layers beyond the adjacent layers. When these are replaced by mag- 
nesium or calcium, the bonding is weakened and the potassium in the 
biotite layer, now sandwiched between two vermiculite layers, is even 
more tightly bound. 


CONCLUSIONS 


Hydrobiotite and vermiculite are believed to have formed by the super- 
gene alteration of biotite: 

1. The occurrence of domains of unaltered biotite spatially removed 
from domains of unaltered augite is evidence for two stages of alteration, 
one which produced biotite from augite and another which produced 
hydrobiotite and vermiculite from biotite. 

2. Ion exchange experiments show that biotite readily alters to ver- 
miculite in solutions of 0.001 molar concentration of magnesium and 
calcium at room temperature. 

3. Ion exchange experiments show that when the potassium concen- 
tration of a solution exceeds 0.04 molar, biotite does not alter to ver- 
miculite even when the magnesium concentration is molar and the 
temperature is 100° C. 

4. Roy and Romo (1957) have conducted experiments which indicate 
that vermiculite partially alters to chlorite under hydrothermal condi- 
tions (10,000 p.s.i. and greater than 200° C.). The Libby vermiculite is 


not chloritic. 
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AUGITE 
(Ca,Mg)(Mg,Fe,Al)(Si,Al) 206 


sone weite 
+ 
2 HYDROTHERMAL ep 
+0H 
BIOTITE TREMOLITE-ACTINOLITE 
K(Mg,Fe) 3(0H) 9 (Al Siz) Ojo Cap(M9,Fe)s (OH) 2 (Si40 4) 9 
+Mg 
+Ca SUPERGENE 
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HYDROBIOTITE 
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(Ca,Mg)o,5(Hp 0), (Mg, Fe)s(OH)2 (Al Sig) Ojo 


+*Mg 


+Ca SUPERGENE 
~K 


F VERMICULITE 
(Ca,Mg)0.8(H20)x(Mg,Fe) 3 (OH) 2(AISi3) Ojo 


Fic. 10. The chemical changes involved in the alteration of augite at Libby, Montana. 


5. Hydrobiotite, a regularly interstratified biotite-vermiculite, has not 
been produced from biotite in the laboratory by immersion in magnesium 
and calcium solutions but has been produced by immersing biotite in a 
molar cupric chloride solution at 100° C. for 100 hours. 

The sequence of events leading to the formation of the commercial 
deposit of “‘vermiculite” at Libby, Montana started with the intrusions 
of a pyroxenite magma into the Belt series sediments. Textural and struc- 
tural features of the pyroxenite indicate that the magma was very fluid 
and formed a laccolith-like body. After the pyroxenite had solidified, 
syenite intruded the sediments to the southwest of the pyroxenite body 
and penetrated the pyroxenite in the form of numerous small dikes. The 
syenite probably intruded a short time after the pyroxenite and was 
genetically related toit. At the same time that the syenite dikes intruded 
the pyroxenite, hydrothermal solutions rich in silica and alkalis per- 
meated the pyroxenite, altering the augite to tremolite-actinolite and 
biotite. 

The next important event in the formation of the deposit was probably 
the elevation and dissection of the region. This permitted access of 
supergene solutions to the altered pyroxenite even at considerable depth. 
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As these solutions passed through the body, they picked up magnesium 
and calcium from the augite or from soluble calcium and magnesium 
minerals which formed from augite at the time it was altered to biotite 
and tremolite-actinolite. The magnesium and calcium then replaced the 
potassium in the intersilicate layers of the biotite, altering the biotite to 
hydrobiotite and vermiculite. Figure 10 is a graphic representation of the 
chemical changes involved in this sequence of events. 
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ABSTRACT 


During phase-equilibria studies in the subsolidus region of the system NaAlSiOg © 
(nepheline)-NaAISi;Os(albite)-H:O, analcite was synthesized from glasses of a wide range 
of composition. Geochemical, optical, and «-ray investigations were carried out and it was 
found that there is a wide range of solid solution of analcite. Determination of water content 
and unit cell constant proved that the variation of these properties are linear functions of 
the silica content of the analcites. The synthetic analcites were found to be isotropic, but 
the refractive index variation was not found to be linear. The experimental data have been 
discussed in the light of previous structural investigations of analcites. Data on the com- 
position of natural analcites have been collected from literature and summarized. 


INTRODUCTION 


During a study of the phase equilbrium relations in the system 
NaAlISizOs-NaAlSiO.-H2O analcite was synthesized from glasses ranging 
in composition from NaAl!SiO, to NaAlSiz0s. The present paper deals 
with some optical and powder diffraction studies of the synthetic and 
some natural analcites. Data from the literature have also been collected 
and summarized. 

The structure of analcite (NaAJSi,0g:H20) has been worked out by 
W. H. Taylor (1930, 1938). It is a zeolite, the main structural feature 
being the presence of diagonal channels surrounded by six-fold rings of 
silica tetrahedra; the channels do not cross each other. The water mole- 
cules are situated inside these channels. The sodium atoms are sur- 
rounded by four-fold rings of silica tetrahedra. The structure is appar- 
ently cubic, and the lattice constant has been determined to be 13.7 A 
(Bragg, 1937), but some variation has been reported (Griiner, 1928). 
The space group has been determined to be Ia3d(O,!°), but Griiner 
suggested that Jm3m(O,°*) is more probable, since he observed some re- 
flections in oscillation photographs which could not be accounted for by 
the space group Ia3d. Schiebold. (1930) considered the mineral to be 
tetragonal, space group [4/acd(D.,°). Taylor assumed equivalent posi- 
tions for Si and Al, assigned the water molecules to a 16-fold special 
position (0.125, 0.125, 0.125), but assumed that the 16 Na atoms ran- 
domly occupied a 24-fold special position (0.125, 0, 0.25). Naray-Szabé 
(1938) suggested that analcite has the same structure as pollucite, ines 
space group D4;”° pseudomorphic after O,!°, and he proposed an alternate 
arrangement for the Na atoms and the water molecules, the former oc- 
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cupying one 16-fold special position (0.125, 0.125, 0.125) and the latter 
partially occupying a 24-fold special position (07 0:25, 0:125): 

All these structural investigations were based on the following assump- 
tions: (1) Ideal, stoichiometric composition of analcite was assumed 
(NaAlSizOs:H2O), (2) though x-ray photographs of analcite indicate 
cubic symmetry, many of the specimens examined show optical anom- 
alies, i.e., weak to moderate birefringence. Hence it has been assumed 
that the mineral is pseudo-cubic. As Bragg (1937) states, “It is not 
definitely established that statistically cubic symmetry is brought about 
by the constant interchange of the Na atoms. Whereas perfect cubic 
symmetry is impossible with 16 fixed Na atoms distributed among 24- 
foid positions, Taylor points out that such a distribution is compatible 
with tetragonal symmetry. It is possible that analcite has an intimate 
twinning of tetragonal components which simulates cubic symmetry.” 

Barrer (1950) has shown that the sodium ions in analcite can be readily 
exchanged by potassium, thallium, and rubidium ions. If Taylor’s model 
of analcite structure is assumed to be correct, it is difficult to explain 
how these ions can substitute for sodium. The Na-O distance (Beattie, 
1954), in the analcite structure, assuming Taylor’s model, is 2.6 A, leav- 
ing only 1.2 A for the cationic radius, if the oxygen is taken to have an 
ionic radius of 1.4 A. Thus potassium, thallium, and rubidium ions are 
too large to fit into the sodium positions. All these ion-exchanged anal- 
cites are noncubic at room temperature. Beattie (1954) explained this 
kind of substitution by assuming that potassium, thallium, and rubidium 
ions will be repulsed and forced away from the sodium position towards 
the position normally occupied by caesium in pollucite (0.125, 0.125, 
0.125). The potential energy for such an ion will then lie in some position 
intermediate between that of caesium and that of sodium. The structure 
will then no longer possess cubic symmetry. 

Recently Coombs (1955) obtained some powder data on noncubic 
analcite. The powder photograph shows distinct evidence of the non- 
cubic nature of the specimen. Coombs has classified analcite into the 
three following groups: (1) Strictly cubic and isotropic, space group 
Ia?d. The synthetic specimen, hydrothermally prepared (Barrer, 1952), 
appears to belong here, (2) birefringent and biaxial, departures from 
cubic lattice dimensions not detectable although anomalous «x-ray reflec- 
tions may appear, i.e., Flinders analcime, (3) trigonal or nearly trigonal 
with rhombohedral angle approximately 90.5°, e.g., Lavan analcime. 
Biaxial specimens from the same locality must be of lower symmetry. . 

Single crystal work has not been done with the distinctly noncubic 
Laven specimen. nO 

Guyer, Ineichen, and Guyer (1957) reported the synthesis of analcites 
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from compositions ranging from Na2AlSis01) (anhydrous natrolite) to 
NaAISi,;Ow (anhydrous sodium mordenite). The powder diffraction data 
presented in the paper show distinct evidence of change in the lattice 
constant. The unit cell size decreases towards higher silica compositions. 
They assumed that this is due to the smaller bond distance between 
silicon and oxygen atoms compared to the Al-O bond distance. 


PRESENT WORK 


Subsolidus studies in the system NaAlSi3;0s-NaA]SiO-H2O indicate 
that analcite crystallizes from glasses of composition ranging from 
NaAlSiO,(nepheline) to NaAlSizOs(albite). The phase equilibria studies 
will be discussed in a later paper. The most interesting feature is that 
analcite is the only phase which crystallizes from glasses of composition 
ranging from NagAl,SizsOio(anhydrous natrolite) to NaAlSisOs(albite), 
except for very small quantities of another yet unidentified phase in some 
runs (~3%, modal analysis). When observed under the microscope, no 
unreacted glass could be observed in these runs. Since all the runs were 
made in sealed gold tubes, the analcite crystals synthesized must have 


the same composition as the glass from which it crystallized, with the 
addition of water. 


Optical Properties of Analcite Solid Solution 


The synthetic analcites were found to be isotropic, quite in accord 
with Barrer’s (1952) and Coombs’ (1955) observations. The small amount 
of the other still unidentified phase in some runs has a high refringence 
and birefringence, and can be readily distinguished from the analcite 
grains. The refractive index of synthetic analcites of different composi- 
tions have been plotted in Fig. 1 and show that the refractive indices 
decrease with increasing silica content. The limit of error is +.002. 


X-Ray Diffraction Studies of Analcite Solid Solution 


The variation in composition of synthetic analcites was confirmed by 
the change in d-spacings observed in the back reflection region, using 
silicon as internal standard. The (639) peak of analcite falls at higher 
angles for analcites of higher silica content. The resolution of the Ka; 
and Ka, peaks in analcite of albite composition is not so well defined, 
and this is probably due to imperfect crystallization. The difference 
24An (639) — 298i(331, (CuKay radiation) has been plotted against variation 
in SiO: content in Fig. 2. The lattice constant “a’’ was calculated from 
the change in d-spacing and plotted in Fig. 3. Both Figs. 2 and 3 show 
that the variations are linear. 


Hydrothermal studies on the stability of natrolite showed that only 
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index 


1-49 


Refractive 


© Synthetic analcites 


(Ne) Mol. Ratio SiOs (Ab) 
Fic. 1. Refractive index of synthetic analcites. 


analcite appeared in glasses of anhydrous natrolite composition 
(NazAl2Si30i9). Runs made with natural specimens of natrolite also indi- 
cated that natrolite breaks down to analcite. The d-spacing variation 
of this analcite has been plotted in Fig. 2, and assuming stoichiometric 
composition of the natrolite, it can be seen that it falls very close to the 
curve. 

Two specimens of analcite from sedimentary rocks (Yavapai County, 
Arizona) were kindly sent by Dr. C. S. Ross for x-ray diffraction and 
single crystal studies. These analcites have previously been described by 
Ross (1928). The crystals are isotropic and the refractive index is 1.483. 
The Ka; peak is sharp, but the Kaz peak is not so well resolved. However 
single crystal work shows that there is no deviation from cubic sym- 
metry. In his paper (1928) Dr. Ross gave two analyses. One interesting 
feature of these analyses is that the water and silica content are in excess 
of that required for the ideal composition of analcite. There is no appre- 
ciable difference in the proportion of silica in the two analyses. The author 
received two samples of these analcites, but did not know which speci- 
men represented which analysis. The d-spacing variations were plotted 
assuming the mean of the two analyses. The points fall very close to the 
curve for the synthetic analcites (Fig. 2). The small differences in the 
silica contents of the two analyses will not significantly change the posi- 
tion of the points on this graph. 

A specimen of analcite occurring as clusters of transparent icositetra- 
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Natrolite crystals converted to analcite 


Synthetic analcites 
Natural analcites ( Ross) 


2 3 4 5 6 
(Ne) Mol. Ratio SiO, (Ab) 


Fic. 2. Variation of d39) spacing of synthetic and natural 
analcites with variation of SiO» content. 
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Fic. 3. Variation, with composition, of the lattice parameter of synthetic analcites. 
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hedral crystals in the cavities of a basaltic rock (Specimen No. 450.2, 
Patagonia, Sicily) indicates a relatively small shift in the (639) peak 
compared to the Si internal standard. The mineral is weakly anisotropic, 
and the refractive index is 1.488+.002. Single crystal photographs indi- 
cate that the specimen is cubic. Though the sample has not yet been 
analyzed, a deficiency in water and silica is suspected. The main purpose 
of including this sample in this discussion was to bring out the shifting 
of the (639) peak for different natural analcites. 

The x-ray diffraction pattern of a specimen of analcite from Patterson, 
New Jersey, which was found to be moderately birefringent gave a very 
diffuse (639) peak in the back-reflection regions. 


Geochemical Studies of Natural Analcites 


Data on the variation of chemical composition of analcite were col- 
lected from the literature. Sixty-eight analyses were collected from Doel- 
ter (1917), and 25 were collected from other papers, summarized in the 
Mineralogical Abstracts. In the zeolite structure, as in other tectosilicate 
structures, the charge deficiency caused by the substitution of aluminum 
ions for silicon ions is compensated by larger cations like calcium, sodium 
and potassium.* Thus for charge balance, Al=2Ca+Na-+K. This as- 
sumption was used as a check on the accuracy of the analyses. A devia- 
tion of +30 atoms was allowed. All the available analyses from the 
literature have been tabulated in Table 1, and the mol. ratios of silica 
and water have been calculated, taking the arithmetic mean of the num- 
ber of Al atoms and (2Ca+Na+K) atoms as unity. On this basis, 59 
analyses could be plotted (Fig. 4). One very significant feature is appar- 
ent from the diagram, the water content increases with the increase in 
silica content. 


Analyses of Water of Synthetic Analcites 


The water content of analcites synthesized from glasses of compositions 
NavAlsSisO0i10, NaAlSivOg, and NaAlSi;0s were determined by the loss on 
ignition method. About 50 milligrams of analcites of these compositions 
were prepared hydrothermally in runs of 1 month duration. The 
charges were sealed in thick-walled gold tubes with excess water, so that 
nothing could be carried away in solution. The gold tubes were carefully 
weighed before and after the synthesis, and since there was no appreci- 
able loss in weight the composition of the charges did not change. After 
the synthesis, a small portion of the product was observed under the 


* Since calcium is divalent, two aluminum ions are required to substitute for two silicon 
ions when one calcium ion enters the structure. Substitution of one aluminum ion for one 
silicon ion is required when one sodium or potassium ion enters the structure. 
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TABLE I. ANALYSES OF ANALCITE 


Number of atoms 


Si02: H2OX 
No. 2Ca+Na Mol. ratio 
Si Al H20 Ca Na K +K [N= 

1 918 451 459 — 437 a 437 14 4.0921 
2 940 431 489 — 445 == 445 14 Bored) 
3 917 436 456 — 442 = 442 6 422, 
4 854 462 586 = 166 = 166 296* 

5 926 451 438 = 473 = 473 DP 4.0:1.9 
6 955 443 500 6 383 1, 407 36* 

7 918 462 458 = 459 = 459 3 4.0:2.0 
8 957 454 444 100 208 == 408 46* 

9 934 471 444 104 208 = 416 Soe 

10 915 463 400 —= 454 = 454 9 4.0:2.0 
11 917 454 453 = 454 454 0 4.0:2.0 
12 894 452 472 DD, 256 95 395 Due 

13 919 454 426 5 393 32 435 19 Ese leal sake) 
14 905 463 450 4 420 14 442 21 4.0:2.0 
15 936 436 462 5) 390 iil 431 ) 4.3:2.1 
16 944 416 544 = 294 — 294 122* 

17 927 441 488 == 398 — 398 43* 

18 912 453 461 4 419 17 444 9 4.1:2.1 
19 913 443 503 16 406 — 438 5 LS PASIAS 
20 907 451 460 = 452 = 452 1 4.0:2.0 
21 925 437 475 = 444 = 444 7 ae Diedad 
22 929 481 488 — 413 => 413 68* 
23, 889 455 501 = 468 3 A471 16 ower ay 
24 938 432 488 9 426 — 444 12 4.3:2 
25 893 451 474 a 433 = 447 4 AO 
26 887 458 470 Bl 469 = 491 Soe 
271 898 483 472 = 717 28 745 262* 
28 912 464 473 6 436 — 448 16 4.0:2.1 
29 906 449 454 30 341 43 444 5 4.1:2.0 
30 899 471 465 — 436 == 436 Jor 
3la 996 449 451 16 419 = 451 2 4.0:2.0 

b 920 416 278 66 288 58 478 62* 
2, 950 422 462 = 440 7 447 25 4.4:2.1 
33 912 449 462 = 452 a= 452 3 a ad eas | 
34 911 454 458 6 397 17 426 28 4.1:2.1 
SS} 929 440 465 == 435 = 435 5 4 Deda 
36 907 457 453 = 454 = 454 3) 4.0:2.0 
ei! 892 472 460 15 439 == 469 3 3.82250 
38 894 473 463 486 = 502 29 Saha d 9 
39 883 463 444 — 491 = 491 28 Soleil) 
40 886 486 458 = 472 — 472 14 3.121 .9 
4la 914 457 416 34 336 34 438 i9 4.1:1.9 

b 830 442 613 47 352 Bah 503 61* 


» 
NO 
co 
No} 
a 
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> 
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oO 
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a 
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n 
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43a 954 410 509 6 369 = 381 29 AERIS 
b 968 401 488 7 369 = 383 18 BOERS) 
c 973 423 455 6 358 = 370 oe 
d 981 391 492 6 376 == 388 3 SsO32. 5 
e 934 425 500 14 369 = 397 28 Lees) ee! 
44 919 448 477 = 434 = 434 14 A Die) 
45 906 452 470 4 430 442 10 4.1:2.1 
46 853 471 504 29 375 27 460 11 SolgAeD 
472 950 421 465 3 394 = 400 21 AOSD 9 


482 928 452 458 3 402 — 408 44* 
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TABLE 1 (Continued) 


Number of atoms 


SiO2: H2Ox 
No. 2Ca+Na Mol. ratio 
Si Al H20 Ca Na K +K As 

49 943 402 516 — 407 — 407 5 ADs 
50 879 424 455 12 4778 — 501 le 
51 702 604 696 148 197 — 493 111% 
52 913 475 472 1 387 — 389 87* 
53 906 426 483 24 444 — 492 66* 
54 830 201 791 223 356 21 823 622* 
55 941 430 485 10 367 11 398 32* 
56 936 425 466 6 429 9 450 25 Aaseoel 
57 941 438 481 - 421 — 421 17 4.4:2.2 
58 931 440 463 — 417 — 417 23 4.4:2.2 
59 906 463 457 _ 431 3 434 29 4.1:2.0 
60 910 458 470 — 435 _ 435 23 Ah, UGA. 
61 917 448 465 — 425 — 425 23 4.2:2.1 
62 940 434 466 — 421 2 423 11 4.4:2.2 
63 946 448 459 — 409 5 414 34* 
64 894 450 507 -- 4608 _ 460 10 
65 902 464 457 8 432 7 455 9 3.9:2.0 
66 899 456 456 31 356 34 452 4 4.0:2.0 
67 902 454 455 28 357 34 447 7 4.0:2.0 
682 899 484 479 17 324 48 406 78* 
69 904 464 464 _ 445 — 445 19 4.0:2.0 
70 978 416 166 2 368 2 376 40* 
71 942 438 483 3 385 9 400 38% 
722 856 452 533 21 274 95 411 A1* 
73 914 457 4175 34 337 34 439 18 
74 830 442 6145 47 352 57 502 60* 
75 941 424 4526 14 322 47 397 27* 
76 918 449 456 2 445 4 453 4 4.1:2.0 
77 926 498 472 27 352 3 359 139* 
78 907 463 456 — 435 4 439 24 4.0:2.0 
79 1,009 353 464 1 354 21 377 24 Son 2e5 
80 979 351 477 9 316 32 366 15 Sea 
81 957 409 468 9 353 14 385 24 4.8:2.4 
82 909 452 483 8 436 ~ 452 0 4.0:2.1 
83 905 428 501 21 377 23 442 14 AN DDS 
84 881 483 425 3 429 16 451 32* 
85 940 436 482 — 419 - 419 17 4.4:2.3 
86a 1, 000 388 464 4 374 2 384 Ne 

b 1,094 334 370 14 305 2 335 1 


A-—|Al—(2Ca+Na-+K) |. 
Taking the arithmetic average of the number of Al atoms and the number of (2Ca+Na-+K) atoms as 
unity. 
*—Analyses not used for plotting in Fig. 4. 
1 —Addition of oxides does not give the total stated in the analysis. 
2 —Only (H2O-+) plotted in the column marked “H2O.” In the other analyses, where only ‘fH2O” is 
stated in the analyses, it was assumed that all the water is (H2O0+) water. 


3—Na+K. 
4 —Not plotted in Fig. 4, because wt% Na2O was assumed to be = 100 —2 other constituents (SiO2+Al20s 
+H,0). 


5 —(H,O-+) +(H20-—). Not plotted in Fig. 4. 

6 —(H.0-+) and (H20—) probably interchanged by mistake in the original analysis. Not plotted in 
Fig. 4. 

7 —(CaO+Sr0). 

8 —Not plotted because of enclosed grains of quartz. 
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TABLE 1 (Continued) 
No. Year Name of analyst Locality Association 
i| 1822 Rose Fassatal, Tyrol — 
2 1822 Rose Fassatal, Tyrol = 
3 1829 Connel Old Kilpatrik, Scotland — 
4 1836 Thomson Dumbarton, Kilpatrik, Scotland (weathered, cloudy sp.) 
5 1836 Thomson Giant’s Causeway, Ireland Amygdaloidal basalt 
6 1839 Henry Blagodat Mt., Ural (with magnetite) 
7 1842 Awdejew Lévé, Norway — 
8 1847 Riegel Niederkirchen, Bavaria — 
9 1847 Riegel Niederkirchen, Bavaria —— 
10 1850 Bork & Berlin Laven, Norway — 
11 1850 Bork & Berlin Laven, Norway = 
12 1853 Sartorius v. Walters- 
hausen Cyclopean Islands, Sicily Volcanic rocl's 
13. 1858 Rammelsberg Cyclopean Islands, Sicily — 
14 1858 Rammelsberg Cyclopean Islands, Sicily —— 
15 1858 Rammelsberg Wesseln, Bohemia a 
16 1863 Stromeyer Duingen, Hannover Ironstone shale (?) 
17. 1864 Bischof Seiseralpe, Tyrol — 
18 1869 Tschermak Punzau, Silesia Teschenite 
19 1873 Young Crofthead, Scotland — 
20 1873 Young Mugdock, Scotland = 
21 1873 Young Barrhead, Scotland = 
22 1874 Pisani Brevik, Norway = 
23 1875 Paijkull Brevik, Norway — 
24 1876 Lemberg Fassatal, Tyrol Melaphyre 
25 1877 Lemberg Predazzo, Tyrol Porphyritic rock 
26 1878 Harrington Montreal, Canada — 
27 +1879 Luedecke Heldburg, Thuringia In fissures in phonolith 
28 1880 Preis Kuchelbad, Bohemia In druses in diabase 
29 1881 Ricciardi & Speciale Cyclopean Islands, Sicily Basalt 
30 1881 Damour Laven, Norway — 
31a 1881 Nikolajew Blagodat, Ural (crystalline sp.) 
b 1881 Nikolajew Blagodat, Ural (massive sp.) 
32 1882 Bamberger Monte Catini, Tuscany With chalcopyrite in gabbro 
33. 1883 Lemberg Laven, Norway — ; 
34 1884 Sauer Wiesental, Bohemia Leucitophyre 
35 1885 Cross & Hillebrand Table Mt., Colorado, U.S.A. In vesicles in basalt 
36 1884 Lorenzen Kangerdluarsuk, Greenland = 
37 1887 Hersch Cyclopean Islands, Sicily — 
38 1889 Johnsson Klein-Aré, Norway — 
39 1889 Langlet Klein-Aré, Norway — 
40 1889 Brégger Eikaholmen, Norway = 
41a 1890 Lindgren Highwoods, Rocky Mt., Montana, U.S.A. Sandstone 
6 1890 Melville Highwoods, Rocky Mt., Montana, U.S.A. Sandstone 
42 1892 Brauns Friedensdorf, Hessen In fissures in diabase 
43a 1893 Zschau Dresden, Saxony Syenite (colorless sp.) 
b 1893 Zschau Dresden, Saxony Syenite (red sp.) 
c 1893 Zschau Dresden, Saxony Syenite (red sp.) 
d 1893 Zschau Dresden, Saxony Syenite (red sp.) 
e 1893 Zschau Dresden, Saxony Syenite (colorless sp.) 
44 1895 Glinka Kobi, Persia Mud volcano 
45 1896 Fairbanks Point Sal, California, U.S.A. Augite teschenite 
46 1895 Hillebrand Colorado, U.S.A. Basalt 
47 1899 Clarke & Steiger Wasson’s Bluff, Nova Scotia = 
48 1900 Clarke & Steiger North Table Mt., Colorado, U.S.A. _— 
49 1901 Thugutt Seiseralpe, Tyrol == 
50 1901 Evans Mt. Girnar, Kathiwar, India 


Monchiquite 
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No. Year Name of analyst Locality Association 
51 1904 Takimoto Maze, Echigo, Japan — 
$2 1905 Egleson Montreal, Canada Nepheline syenite 
53. 1907 Anderson Ben Lomond, Australia — 
} 54 1907 Tsukamuto Maze, Echigo, Japan Basalt 
i 55 1908 Baschieri Seiseralpe, Tyrol —_ 
4 56 1907 Manasse Hamasat, Massaua Augite teschenite 
57 1913 Tschirwinsky & Orloff Kara-Dagh, Krim _ 
58 1912 Foote & Bradley Two Isles, N.S. (average of two sp.) 
59 1912 Foote & Bradley Cyclopean Islands, Sicily (average of two sp.) 
60 1912 Foote & Bradley Kerguelen Islands (average of two sp.) 
61 1912 Foote & Bradley Victoria, Australia (average of two sp.) 
62 1912 Foote & Bradley Michigan, U.S.A. (average of two sp.) 
7 63 1912 Foote & Bradley Montreal, Canada (average of two sp.) 
64 1928 Curlo Murlo, Tuscany — 
65 1926 Di Franco Cyclopean Islands, Sicily Basalt 
66 1929 Grassi-Cristaldi & 
Scafile Cyclopean Islands, Sicily — 
67 1929 Grassi-Cristaldi & 
Scafile Cyclopean Islands, Sicily — 
68 1928 Hewett, Shannon & Ritter Hot Spring, Grant County, Ore- 
Gonyer gon, U.S.A. In cavities in vescicular basalt 
69 1929 Hodge-Smith Kyogle, Australia In vesicles in basalt 
70 1939 Kasper Morcinov, Czescholovakia (?) Amygdaloidal melaphyre 
71 1933 Kratochvil Budnany, Bohemia Diabase 
72 1938 Larsen & Buie Highwood Mt., U.S.A. Phenocrysts in analcite basalt 
73 1938 Larsen & Buie Highwood Mt., U.S.A. Dyke rock 
74 1938 Larsen & Buie Highwood Mt., U.S.A. Dyke rock 
75 1928 Lonsdale Terlingua, U.S.A. Altered basalt 
76 1945 Morgante Diredana, Eritrea Basalt lavas & tuffs 
77 1935 Reichert & Erdélyi Dunabogdany, Ungarn — 
78 1947 Roques Kassa Island Nepheline syenite pegmatite 
79 1928 Ross Yavapai, Ariz., U.S.A. Lake beds & playa deposits 
80 1928 Ross Yavapai, Ariz., U.S.A. Lake beds & playa deposits 
81 1924 Ross & Shannon Challis, Idaho, U.S.A. Lake beds & andesite flows 
82 1915 Shimizu Maze, Echigo, Japan _— 
83 1924 Smirnov Mt. Imeretin, Trans-Caucasia Andesite 
84 1941 Stewart Loch Borolan, Scotland Pegmatitic patch in borolanite 
85 1935 Tiselius Faeroe Island — 
85a 1926 Zeberg Chaitsyn Cape, Arctic Russia Augite porphyrite (clear outer 
portion—av. of 5 sp.) 
85b 1926 Zeberg Chaitsyn Cape, Arctic Russia Augite porphyrite (cloudy in- 


ner portion—av. of 4 sp.) 
Inclusions of quartz present 


microscope. Only analcite and a small amount of the unidentified phase 
were found, but no glass. The rest of the samples were taken out of the 
tubes, and then carefully dried at room temperature in a well-sealed 
desiccator containing phosphorus pentoxide as the drying agent, special 
care being taken to change the phosphorus pentoxide whenever a glassy 
coating of metaphosphoric acid was formed (Hillebrand, 1953). The 
process of weighing was continued for about a week, until the weights 
became constant. The samples were then heated to 900° C. and weighed. 
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Fic. 4. The water content of synthetic and natural analcites plotted against silica. 


The difference in weight was assumed to be the weight of structural 


water. The analyses, neglecting the small amount of the unidentified 
phase, are tabulated below: 


Composition of glass: NazAlSi3Oi0 NaAlISisO¢ NaAlISiz303 
Mol. ratio water: 126s ORt 220 a2 rit 4 Dalal 


The analyses, when plotted in Fig. 4, indicated that the water content 
of analcite varies linearly with the variation in silica. This is in accord 
with the composition of natural analcites, as indicated in the figure, ex- 
cept the range of composition of natural analcites is more restricted. 


CONCLUSION 


From the present work on the composition of analcites, it becomes 
apparent that the analcite solid solution can be represented as follows: 


NaAlSi.5Os, 0) - 75H2O NaAlSieOg, HO NaAlSi;Os, ie 5H2O 
Na:Al:Si:H2O Na:Al:Si: HO Na:Al:Si:H2O 

(te eos O Rs IE SAsil WEE SISA 55) 
(natrolite composition) (ideal analcite composition) (albite composition) 


Taylor’s model indicates 48[(Si, Al) Oz] in the unit cell. Thus there are 
96 oxygen atoms and 48 Al+Si atoms in the unit cell. This number of 
Al+Si atoms, and consequently the number of oxygen atoms, must re- 
main constant in order to avoid any gross distortion of the lattice—which 
should manifest itself in a change in space group but which has not been 
observed in single crystal or powder diffraction work—since the whole 
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framework of the lattice is built up by connecting silica and alumina 
tetrahedra. Thus by keeping the number of oxygen atoms constant,* 
we can calculate the number of other atoms and molecules in the unit 
cell of analcite in the following way: 


Composition O Al Si Al+Si Na H20 
NaAISiis0; 0.75H20 96 1 28.8 48 19.2 14.4 
NaAlISizO¢, H2O 96 16 oD 48 16 16 


NaAlSiz0s, 1.5H20 96 12 36 48 12 18 


* Assuming (OH)~ not substituting for O=. 


Assuming Taylor’s model of analcite structure to be correct, the dis- 
tribution of the 19.2 sodium atoms and 14.4 water molecules found in 
natrolite composition analcite is reasonable since a 24-fold position for 
the sodium atoms and a 16-fold position for the water molecules are 
available. However, it is impossible to distribute 18 H.O molecules in 
albite composition analcite in a 16-fold position. An alternative sugges- 
tion, that the excess water molecules lie in some position intermediate 
between that of caesium in pollucite and sodium in analcite seems to be 
unlikely, since the albite composition analcites are fully hydrated, iso- 
tropic under the microscope, and «x-ray diffraction patterns reveal a cubic 
symmetry. Another alternative is to assume that the excess water, 1.e., 
the water in excess of 16 molecules, occupies some vacant sodium posi- 
tions. A consideration of the radius of the water molecule, as in the case 
of rubidium and thallium ions (Beattie, 1954) makes it somewhat im- 
probable, but in the absence of an alternative suggestion, this seems to 
be the most likely possibility since the water molecule is not as large as 
the rubidium or thallium ion, and only two excess water molecules have 
to be accommodated in the structure. It will be, perhaps, almost impossi- 
ble to detect such slight distortion of the structure by x-ray methods. 
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GRAPHS FOR THE ELIMINATION OF THE HARTMANN 
NET IN THE DETERMINATION OF REFRACTIVE 
INDICES IN HIGH DISPERSION MEDIA 


Jorex S. Warkrns, Jr., University of Wisconsin, Madison, Wisconsin 


ABSTRACT 


Direct reading charts are presented which eliminate graphical solutions (Hartmann 
Nets) required for index of refraction determinations in high dispersion media. Geometric 
proofs and construction procedures are explained. A special chart adapted to high disper- 
sion liquids based on Tsuboi’s classic work determines the composition of plagioclase feld- 
spars from a single determination of Nx’. 


INTRODUCTION 


The determination of indices of refraction in high dispersion liquids 
requires a certain amount of graphing to obtain a solution to the prob- 
lem. A single chart can be made which gives directly a simple solution 
to the problem. 

A discussion of the entire method of determination of indices using 
high dispersion liquids is beyond the scope of this paper and the reader 
who is unfamiliar with the techniques is referred to a discussion by 
Emmons and others (1928, 1948, 1953) which covers the subject in de- 
tail. 

Essentially, a properly oriented mineral is immersed in a liquid having 
an index for sodium light near that of the mineral in question. Since the 
change of index with respect to the change in wavelength is much larger 
in the liquid than in the mineral, it is possible to find some wavelength 
of light where the indices of mineral and liquid are the same. This will 
be subsequently referred to as the ‘“‘wave length of agreement,”’ (A*). 

If this process is repeated with a second liquid, thus finding another 
wave length of agreement, the index of the mineral has been established 
for two different wave lengths. If the indices of the liquids are plotted 
on a Hartmann Net as a function of wave length, the wave lengths of 
agreement can be used to determine the sodium light index as shown 
diagramatically in Fig. 1. 

The values Np(mineral)-Np (liquid No. 1) have been derived di- 
rectly by computation, and are expressed in a chart for all possible values 
of the two wave lengths of agreement (Fig. 2). Two considerations must 
be satished before the chart is valid. (1) The lines representing the dis- 
persion of liquids on the Hartmann Net must be essentially parallel. (2) 
The value read is a function of the difference in index for sodium light. 
Although the chart can be constructed to yield valid answers for any 
difference in index, this difference must be the same for all adjacent 
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»=589 (sodium light) 


index (n) 


= 


wave length (A) —~> 


Fic. 1. Graphical solution for Np of a mineral, using high dispersion liquids. AA’=plot 
of upper liquid dispersion; BB’ lower Jiquid. \,* and ).* are wave lengths of agreement (1) 
and (2) respectively, where (1), (2) and (3) are Np of lower liquid, upper liquid and mineral, 
respectively. Np of mineral is determined by drawing a straight line from A;* to \2*. 


liquids or the chart loses much of its usefulness. Standard immersion 
media are uniformly spaced, usually with intervals of 0.005, e.g., 1.500, 
BESO SS ates 


USE OF THE DIAGRAM 


No changes in microscope procedure are necessary for the use of the 
diagram. Two wave lengths of agreement are found using two adjacent 
liquids. The index for sodium light is known for both liquids. If the 
wave length of agreement for the liquid with the lower index of refraction 
is 510 my. and that for the upper liquid is 610 my., one reads up from 
510 my. on the abscissa and across from 610 my. on the ordinate to the 
intersection of these two lines (Y, Fig. 2). This intersection falls between 
the correction lines 0.004 and 0.005 and interpolation gives in this case 
about 0.0042. Adding this last value to the sodium line index of the 
lower liquid, one obtains the correct sodium line index of the mineral. 

For example, if the lower liquid has an index of 1.500 and the wave 
lengths of agreement are as above, then the index of the mineral for 
sodium light is 1.5042. If another mineral is tested and it is found to have 
wave lengths of agreement of 490 my. and 570 mu. respectively e.¢ 
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610 590 570 550 530 510 490 


Fig. 2. Np correction chart. Points X and Y refer to values used in examples. Correction 
X10;. Thus number 4 represents a correction of 0.004. 


Fig. 2), the liquids remaining the same, the correction is approximately 
0.006 and the mineral has an index of 1.506 for sodium hght. Figure 3 
shows the same results as obtained on a Hartmann Net. It must be re- 
membered that the examples are based on differences in index of 0.005 
for the liquids. A second chart is shown in Fig. 4. This chart is read the 
same way as the first, except that the correction when subtracted from 
the mean dispersion of the two liquids gives the dispersion of the mineral, 
1.e., Nr-No. If the dispersion slopes of the two liquids are very nearly 
the same, either can be used with little error. The same conditions apply 
to this chart as applied to the first. (Fig. 4 as shown is not as accurate 
as Fig. 2; see construction below.) For example, if the dispersion of the 
lower liquid is 0.020 and that of the upper liquid is very nearly the same, 
and if the wave lengths of agreement are 510 mu. and 610 mu., then the 
correction is about 0.0084 and the dispersion of the mineral is equal to 


(Ne-No) liquid — (Correction) =0.020—0.0084 =0.0116. This relation can 
be verified in Fig. 3, 
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486 550 589 


m } 


Fic. 3. Graphical solution of examples. 


470 490 510 530 550 570 590 


Fic. 4. Dispersion correction chart. Corrections 10%. The point X refers to example. 
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Fic. 5. Geometric proof for Fig. 2. Given: AB ||CD; PQ equals some constant. Then: 
ZQ=ZP+PQ. (2) PQ=YL. (3) YL/MX=ZQ/XS. (4) ZQ=(YL) (XS)/MX=(PQ) 
(XS)/(XS— YR). Thus, for fixed values of XS, YR and PQ, ZQ is independent of the slope 
angle 90°—8@. 


CONSTRUCTION AND PROOFS 
Np Correction Chart 
The geometric solution is given by the equation: 
ZQ = (XS)(PQ)/XS—YR Fig. 5 


The similarity between the geometric construction and Fig. 1 is readily 
evident. PQ equals Np(2) — Np(1) (0.005 in the following calculations). 
XS and YR are equivalent to the linear distances on the Hartmann 
Net between \;* and )2* respectively. ZQ is the correction factor Np(M) 
—Np(L). The relationship between XS, YR and )j*, do* is given by 
Cauchy’s equation. The numerical values shown in Table 1 will con- 


TABLE 1. CONVERSION TABLE FOR DETERMINING WAVE LENGTHS EQUIVALENT TO 
LINEAR DISTANCES IN GEOMETRIC FORMULAE, MEASURED FROM Np (589 mu.) 


mu 656 650 640 630 620 610 600 590 589 
cm —5:00 —4:66 —4-04 —3-36 2-60 1-79 0:95 —0-08 0-00 


mu 580 570 560 550 540 530 520 510 
cm 0-86 1-83 2-87 3-95 po ilil 6:32. 7-60 8-96 


mp 500 490 486 480 470 
cm 10-41 11:95 12-93 13-59 15-32 
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struct a chart approximately 20 cm.X20 cm., and may be scaled to 
construct a chart of any size. Solving the equation for various values of 
ZQ (1, 2, 3, etc.) and plotting gives Fig. 2. 


Dispersion Correction Chart 
The equation for the solution of the dispersion correction is: 
JN, = 11D) = (C1E) (IDC) OA) Fig. 6 


In Table 1 DC equals 18 cm., and values for YP may be obtained by 
subtraction. For example, YP for 0.510 my and 0.610 my is 8.96 — (—1.79) 
= 10.75 cm. Geometric construction is the same as that of the first chart 
except that the wave lengths need not be scaled to the Hartmann Net, 
and may be plotted linearly. Actual plotting will give curved lines for 
correction factor, but these may be drawn as straight lines (Fig. 4) with 
a small loss in accuracy. 


ERRORS 


Although the error involved in one determination is a complex func- 
tion, experience has shown that the accuracy of the chart is well within 
the experimental error of the method when using white light and the 
colored Becke line. It is generally less than 0.0004 for Fig. 2 and less 
than 0.001 for Fig. 4. 


9) 


Fic, 6. Geometric proof for Fig. 4. Given: ZE||FC (Note FD is equivalent to (Nr—Nc) 
of liquids; AB is equivalent to (Nr—Nc) of mineral) Points X and Y represent wave lengths 
of agreement. (1) ZP=XP+EC. (2) ZP/PY=FD/DC. (3) ZP=(PY) (FD)/DC. (4) 
XP=(PY) (FD)/(DC)—(EC). (5). XP/YP=AB/DC. (6) AB=(XP) (DC)/YP. (7) 
AB=FD—(CE) (DC)/YP by substitution for (XP)- 
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T2An 


md 


Fic. 7. Plagioclase composition diagrams. The slanting lines 
represent various possible liquids. 


PLAGIOCLASE DIAGRAM 


Tsuboi’s classic study of the relation of index to composition in feld- 
spars is well known (Tsuboi, 1923, 1934). However, Tsuboi’s original 
diagram was a rather complicated affair involving several steps. A sim- 
plification adapted to high dispersion liquids is shown in Fig. 7. After 
determining the wave length of agreement for a particular liquid, one 
reads up to the appropriate liquid line and across to the composition. 
Figure 7 is for Nx’ only, but others (Nx, N,’) are just as simply con- 
structed. 

CONSTRUCTION 


Using Tsuboi’s original chart, determine the composition for as many 
wave lengths per liquid as deemed necessary. Using composition and 
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wave length of agreement as abscissa and ordinate as desired, plot the 
points for each liquid 9n a new graph and connect them with smooth 
curved lines (the charts shown were plotted using only two points per 
liquid and have a probable calculated error in composition of less than 
2%). It will be noted that the wave lengths are scaled as in a Hartmann 
Net. This is necessary only if one wishes to have the liquid lines plot as 
nearly straight lines. Figure 7 was based on University of Wisconsin 
liquids. 
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MINERALOGICAL APPLICATIONS OF 
ELECTRON DIFFRACTION 
II. STUDIES OF SOME VANADIUM MINERALS OF 
THE COLORADO PLATEAU* 
Matcoim Ross, U.S. Geological Survey, Washington 25, D.C. 


ABSTRACT 


A method of obtaining precise unit-cell data from oriented electron diffraction powder 
patterns is described. Partial unit-cell data obtained from such patterns and a description 
of the crystal habit are given for the following minerals: hewettite (CaVeOis:9H2O), barne- 
site (NazV«O16: 3H20), a new hydrated calcium vanadyl vanadate, corvusite (V204: 6V:Os: 
nH.0), a ‘“‘corvusite-like”’ mineral (V:Os: 5V205:«H2O), fernandinite (CaO: V204: 5V205° 
14H.O), navajoite (V20;:3H:O), a “‘corvusite-like’”’ mineral associated with navajoite, 
steigerite (AlxO3- V2O;: 63H:0), fervanite (Fe,V1015° 5H20), and simplotite (CaVsOy9 : 5H20). 
For many of these minerals the unit-cell data are new. Structural relations between several 
of these minerals are indicated. 

INTRODUCTION 


A large number of fine-grained minerals for which there are no unit- 
cell data have been described in the literature. Such minerals, particu- 
larly those which have layer structures, are not well suited for single 
crystal x-ray diffraction analysis. On the other hand, the electron dif- 
fraction method is better suited for analysis of many fine-grained min- 
erals, particularly those which possess perfect cleavage. 

In this paper (Part II) the techniques of interpreting single crystal 
electron diffraction patterns described elsewhere (Ross and Christ, 1958, 
hereafter referred to as Part I) have been used in the determination of 
partial unit-cell data for fine-grained vanadium minerals from the Colo- 
rado Plateau. A description of the crystal habit as revealed by electron 
micrographs is included. 

I am especially indebted to Alice D. Weeks for providing a large 
number of the mineral specimens studied and for her valuable advice 
concerning their mineralogy. I should also like to thank C. L. Christ and 
E. J. Dwornik for their advice on various problems, M. E. Thompson 
for permission to publish data on a new calcium vanadate, and 
Richard L. Hunt for assistance with some of the experimental work. This 
work is part of a program being conducted by the U. S. Geological Survey 
on behalf of the Division of Research of the U. S. Atomic Energy Com- 
mission. 

THE INTERPRETATION OF ELECTRON DIFFRACTION PATTERNS OF 
ORIENTED POLYCRYSTALLINE MATERIALS 


Crystals which possess perfect cleavage tend to orient on the specimen 
mount so that the cleavage face is parallel to the substrate and with all 
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possible orientations of the crystals around the normal to the cleavage 
face. The type of crystallographic data that can be obtained from the 
electron diffraction powder patterns of thin crystals oriented in this way 
will depend upon the plane of orientation and the crystal system of the 
material in question (Part I, Table 4). For example, powder patterns of 
thin colemanite crystals oriented on (010) will give directly dioo and doo 
whereas powder patterns of thin KCIO; crystals oriented on (001) will 
give directly a and b. The theory appropriate to these conclusions is 
Siven™in -Part I. 

As the crystals contributing to an oriented powder pattern are very 
small, the intensity of the diffracted beam will decrease appreciably with 
slight deviations of the crystal face from the horizontal. As a result the 
rings are usually sharp and ideal for precise measurement. If a means 
can be found to index the powder patterns of oriented materials, meas- 
urement of the patterns will yield much more accurate unit-cell data 
than those obtained from the measurement of spot patterns. 

Indexing the oriented powder pattern is fairly simple if a photograph 
can be obtained showing a single crystal pattern superimposed on rings. 
This type of pattern is readily obtained when a large crystal and a large 
number of small crystals, oriented randomly in the plane of the sub- 
strate, lie in the path of the electron beam. An example of this type of 
diffraction pattern may be seen in Fig. 2. An oriented powder pattern 
will, in general, show rings (usually weak) that cannot be indexed on 
the basis of the superimposed spot pattern. Such ‘‘extra”’ rings usually 
appear because additional reciprocal lattice rods are brought into the 
sphere of reflection by the incompletely oriented crystals. 


PREPARATION AND EXAMINATION OF SAMPLES 


The vanadium minerals examined in this study have the following 
characteristics: fine-grained nature; platy, fibrous, or lathlike habit; per- 
fect pinacoidal cleavage and probable layer structure. All the minerals 
studied tend to orient with a cleavage face parallel to the specimen 
mount, the “thin direction” of the crystal being parallel to the electron 
beam. The samples were prepared for examination by grinding lightly in 
distilled water, placing a droplet of the dispersed material on a collodion 
mount, and then drying in air. Electron micrographs and SAD (Selected 
Area Diffraction) spot patterns were usually obtained prior to examina- 
tion with the electron diffraction unit. External aluminum or #-tin 
standards were used for most EDU (Electron Diffraction Unit) patterns. 
A description of the crystal habit as revealed by electron micrographs is 
given for each mineral. The crystallographic orientation of the minerals 
is obtained by comparing the relative orientations of the electron micro- 
graph and SAD spot patterns of a single crystal. 
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The high vacuum (about 10-* cm. Hg) in the electron microscope and 
diffraction unit offers a severe environment for the analysis of many 
minerals. The heating effect of the electron beam at its highest intensity 
(at cross-over) can be tremendous, fusing such stable materials as tour- 
maline (Barnes, 1950, p. 410) and TiO. (Watson, 1948, p. 718). This 
heating effect is dependent upon the thickness and density of the sample. 
Dense, thick particles of a given material are much more readily fused 
than thin flakes or plates of the same material. Few materials are stable 
enough to resist alteration or destruction when the beam is at the highest 
intensity. On the other hand, very unstable materials such as gypsum 
have been successfully examined at the lower beam intensities with the 
electron microscope or diffraction unit. The assumption that these instru- 
ments are ‘‘furnaces” is therefore misleading, for a skilled operator can 
prepare and examine specimens of many unstable materials in essentially 
their original state. 

Minerals that contain interstitial water between the structural sheets 
are dehydrated to some extent by the vacuum of the electron microscope 
and electron diffraction unit. This water is very loosely held by such 
minerals. Although dehydration does not alter the basic layer structure, 
it does, commonly, change the dimensions of the crystal in a direction 
normal to the sheets. Minerals that readily lost interstitial water include 
the montmorillonite clay minerals, autunite [Ca(UO»)2(PO,)2: 10-12H20], 
tyuyamunite [Ca(UOs2)2V20s:10H2O], carnotite [K2(UO2)2V20s-3H20}, 
and hewettite (CaVgOis:9H2O). Most of the minerals examined in this 
study contain interstitial water. 

Minerals that contain water as an integral part of the structure will, 
upon dehydration, show a complete change in structure. Such trans-~ 
formations have often been observed in the electron microscope and dif- 
fraction unit. For example, gypsum has been observed inverting to 
anhydrate as the intensity of the electron beam is increased. 


EVALUATION OF UNIT-CELL CONSTANTS FROM 
EDU Pownber PATTERNS 


EDU spot patterns superimposed on rings were obtained from all 
minerals examined in this study. The rings were indexed on the basis of 
these composite patterns, the sharpest higher order rings being measured 
to give the unit-cell data. The relation 


d;& D.ds/D, 
was used to calculate the approximate direct lattice spacings (within 0.2 


per cent). If the precision of measurement is less than 0.2 per cent the 
approximate values of d, are corrected by multiplying by the proper 
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value of the factor (cos 26,)/(cos 20, cos 6,). The value of this factor 
for each direct lattice spacing is found on the graph shown in Part I, 
Fig. 9. 

A measuring microscope was used to measure the powder patterns. 
When more than one powder pattern was used to determine the unit- 
cell data, the precision of the determination is given. This value includes 
the maximum and minimum values of the lattice constant as obtained 
from several measurements. 

As the spot and powder patterns give only two dimensions of the re- 
ciprocal lattice, no assignment to a crystal system is made. The following 
conventions are used in designating the unit-cell constants unless some 
other crystallographic orientation has been assigned from single crystal 
w-ray study: 


1) If the spot pattern shows a plane of symmetry, the pattern is 
assumed to represent a projection of the #kO reciprocal net. The 
largest cell constant is taken as a. By symmetry y=90°. 

2) If the spot pattern shows only a center of symmetry, the pattern is 
assumed to represent a projection of the AO/ reciprocal net. A primi- 
tive cell with the smallest 6 angle is chosen (unless the presence of 
“forbidden reflections” indicate otherwise) with a a>c. 


An attempt is made to predict the systematic absences of reflections 
by examination of the spot patterns of crystals of varying thicknesses. 


MINERALOGIC DaTA 
Hewettite and barnesile 


Hewettite and metahewettite, of the same composition except for 
water content (CaVsOy5:nH2O), were first described by Hillebrand, Mer- 
win, and Wright (1914). These minerals are found as nodular aggregates 
and coatings of fibers, elongate [010], and are deep red in color. Hewet- 
tite readily loses water and changes from the 9H»O hydrate to a lower 
hydrate with 3H,O. Barnes (1955) made dehydration studies of the 
hewettite minerals and gave evidence that hewettite and metahewettite 
are structurally identical. He finds that hewettite exists in at least three 
hydrated forms with 3H2O, 6H2O (probably), and 9H,O. Barnes (1955, 
p. 690) suggests that the name metahewettite is unnecessary unless it be 
retained to designate one of the hydrate phases. Alice D. Weeks suggests 
(personal communication) that the name metahewettite be used to desig- 
nate the common 3H,O hydrate phase. 

Electron micrographs and SAD patterns were made from an analyzed 
hewettite collected by Nancy G. Ryan from the Hummer mine, Jo 
Dandy Group, Montrose County, Colorado. The electron micrographs 
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show that the crystals are well developed laths elongated [010], and flat- 
tened {001}. An x-ray powder pattern of the material showed that only 
hewettite was present. Measurements of six EDU powder patterns of 
the hewettite from the Hummer mine give the following results: a=12.23 
+0.03 A and 6=3.605+0.005 A (y=90°). 

A second sample of hewettite collected by B. N. Webber and L. B. 
Riley from the Cactus Rat mine, Thompson district, Grand County, 
Utah, gives electron micrographs and electron diffraction patterns iden- 
tical to those of the Hummer mine material. The spectrographic analysis 
of a 10-mg. split of the sample used for this study shows: >10% V; 
1-10% Ca, Si; 0.1-1% Na, Al, Fe (Katherine Valentine, analyst). An «- 
ray powder pattern, however, indicates that a small amount of barnesite 
is in the sample. Measurement of six EDU powder patterns of this mate- 
rial gives the following results: a=12.22+0.02 A and b=3.605+0.003 A 
(y=90°). 

Figure 1 shows a typical hewettite SAD spot pattern; Fig. 2 shows 
an EDU pattern of hewettite with spots superimposed on rings. 

Barnesite, NazVgOis:3H2O, a sodium analog of hewettite described 
by Alice D. Weeks, M. E. Thompson, and A. M. Sherwood (written 
communication) has the same habit as hewettite and is deep red changing 


Fic. 1. SAD spot pattern of hewettite. 
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Fic. 2. EDU pattern of hewettite showing spots superimposed on rings. 


to brownish-red on exposure to air. Barnes and Qurashi (1952), and 
Barnes (1955) by «-ray analysis found barnesite from Cactus Rat mine, 
Grand County, Utah (Harvard no. 98019), to be monoclinic with a 
=12.18+0.02 A, b=3.614+0.005 A, c=7.80+0.03 A and B= 95°0' + 20’. 

Electron micrographs and electron diffraction patterns of barnesite 
collected by Alice D. Weeks from the Cactus Rat mine, Thompson 
district, Grand County, Utah, are nearly identical to those of hewettite. 
Measurement of six EDU powder patterns gives a cell with a=12.17 
+0.02 A and 6=3.604+0.005 A (y=90°). 

The similarity between the spacings and intensities of the spot pat- 
terns of hewettite and barnesite indicates that the two minerals have 
similar structures as projected on the a-b plane. The results of the hewet- 
tite and barnesite study is summarized in Table 1. 


A new hydrated calcium vanadyl vanadate 


A mineral collected by D. P. Elston from the J. J. mine, Bull Canyon 
mining district, Montrose County, Colorado, and to be described by 
M. E. Thompson appears to be a new calcium vanadyl vanadate. Inde- 
pendently, Alice D. Weeks (personal communication, 1956) found a min- 
eral from the East Carrizo mines, San Juan County, New Mexico, which 
gives the same characteristic x-ray powder pattern as Miss Thompson’s 
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TaBieE 1. ELECTRON DIFFRACTION AND X-Ray Unit-CEeLit DaTA 
FOR HEWETTITE AND BARNESITE 


Hewettite Hewettite! Barnesite 
Hummer mine Cactus Rat mine Cactus Rat mine 
CaVeOr6 2 nH,0O CaV Oi C nH:,0 Na2V6Oi¢ 0 3H2O 
Electron diffraction data Electron diffraction data Electron diffraction data 

a=12.23+0-03 A a=12.22+0-02 A a=12-17+0-02 A 
b=3.605+0-005A b=3.605+0-003 A b=3-604+0-005 A 
y=90° y=90° tie als 
x-ray data? 
monoclinic 


a=12.18+0.02 A 
b=3.614+0.005 A 
c=7.80+40.03 A 
B=95°0! +20’ 


Space group: P2—(C!) 
(probable) 


1 A sma]l amount of barnesite is present in the sample. 
2 Barnes and Qurashi (1952) and Barnes (1955). 


material. The chemical analyses of the vanadates from the East Carrizo > 
mines and the J. J. mine are essentially identical. 

Electron micrographs show the sample from the J. J. mine is com- 
posed of thin angular flakes and well-developed, sometimes terminated, 
laths elongated [010] and flattened {001}. Figure 3 shows an electron 
micrograph of one of the terminated crystals. Measurement of three 
EDU powder patterns gives the following results: a=12.18+0.01 A and 
b=3.627+0.003 A (y=90°). The intensities of the spots are very close 
to those of the hewettite patterns. One SAD spot pattern (Fig. 4) shows 
very weak spots which appear to triple the cell in the 6 direction. As this 
was the only pattern of many examined that shows such spots it is diffi- 
cult to decide on their significance. 

Electron micrographs (Fig. 5) show that the sample from the East 
Carrizo mines is composed of irregularly shaped flakes and long, narrow 
laths or fibers elongated [010] and flattened {001}. Spot patterns of this 
sample are essentially identical to the typical spot patterns of the sample 
from the J. J. mine. Measurement of five EDU powder patterns gives 
the following unit-cell data: a=12.15+0.01 A and 6=3.612+0.004 A 
(y= 90°). The results of the study on this new calcium vanadyl vanadate 
are given in Table 2. 
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Fic. 3. Electron micrograph of a new hydrated calcium vanadyl 
vanadate from the J. J. mine. 


Fic. 4. SAD spot pattern of a new hydrated calcium vanadyl vanadate from the J. J. 
mine superimposed on the powder pattern of the internal aluminum standard. 
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TABLE 2. ELECTRON DirrRAcTION Unit-CELLt Data ror Two SAMPLES 
or A NEw CatciumM VANADYL VANADATE 


J. J. mine! East Carrizo mines 
a=12.18+0.01A a=12.15+0.01A 
b=3.627+0.003 A b=3.612+0.004 A 


=90° 7 =90° 


! One SAD spot pattern showed weak spots which appear to make b=3X3.627 A. 


The similarity between the spacings and intensities of the spot pat- 
terns of both samples of this new vanadate to those of hewettite indicates 
that the two minerals have similar structures as projected on the a-b 
plane. 


¢ 


Fernandinite, corvusite and the ‘“‘corvusile-like” minerals 


A number of vanadium (IV, V) minerals have been loosely described 


a3 


as corvusite or ‘“‘corvusite-like” and are characterized by their massive 
or sometimes fibrous appearance and dark-brown, blue-black or dark- 
green color. Fernandinite is probably closely related to this group of 


minerals. 


Fic. 5. Electron micrograph of a new hydrated calcium vanadyl 
vanadate from the East Congo mines. 
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Schaller (1915) described fernandinite from Minasragra, Peru; asa 
massive dull green mineral with a probable formula of CaO-V.Q,- 
5V20;:14H20. 

Electron micrographs of the type fernandinite from Minasragra, Peru, 
(USNM R-5706) disclose angular plates or flakes flattened {001}. Meas- 
urement of four EDU powder patterns gives a cell with a=11.69+0.04 
A and 6=3.674+0.004 A (y=90°). The spot patterns of fernandinite 
show only those reflections for which h+k=2n. Due to the thinness of 
the fernandinite crystals ‘forbidden reflections” (where h+k=2n+1) 
should appear because of projection of reciprocal lattice rods of the 
upper levels (J=1, 2, 3, etc.) into the sphere of reflection. The fact that 
“forbidden reflections” do not appear probably indicates that reciprocal 
lattice points for which h+k=2n-+1 are missing in the upper / levels. 
If such reciprocal lattice points are missing, fernandinite has a C-centered 
cell: 

Henderson and Hess (1933) proposed the formula V20.:6V20;5:«H2O 
for corvusite. Their original material was a brown massive sample 
(USNM 96807) and a bluish-black massive sample (USNM 96806). 

Electron micrographs of the brown corvusite (USNM 96807) show 
that it is a poorly crystallized, very fine-grained material with an average 
particle size of less than 0.2 microns. The individual particles are irregu- 
larly shaped flakes. Spot patterns show only those reflections for which 
h+k=2n indicating a probable C-centered cell. Measurement of six 
EDU powder patterns gives the following unit cell data: a=11.6+0.1 A 
and 6=3.65+0.01 A (y=90°). 

Weeks and Thompson (1954) studied “‘corvusite-like’” minerals from 
several localities and found them commonly massive and blue-black to 
greenish black in color. An excellent sample of a ‘“‘corvusite-like’’ min- 
eral studied by Weeks and Thompson (personal communication) was 
collected by Daniel Milton from Incline No. 2, Monument No. 2 mine, 
Apache County, Arizona. It is a fibrous blue-black material with a prob- 
able formula of V204-5V2O5-xH2O. Electron micrographs show that the 
crystals of this mineral are long, well-developed laths, elongated [010] 
and flattened {001}, similar to well-crystallized hewettite. Spot patterns 
show only those reflections for which h+k=2n indicating a probable 
C-centered cell. Measurement of six EDU powder patterns gives the 
following results: a=11.69+0.03 A and b=3.662+0.008 A (y=90°). 
Figure 6 shows an EDU pattern of the Monument No. 2 material having 
spots superimposed on rings. 

The similarity between the spacings and intensities of the spot pat- 
terns of fernandinite, corvusite and the “‘corvusite-like” mineral indi- 
cates that they have similar structures as projected on the a-} plane. 
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Fic. 6. EDU pattern of a ‘‘corvusite-like”’ mineral from the Monument No. 2 
mine, showing spots superimposed on rings. 


Weeks and Thompson (1954, p. 47) have noted that the x-ray powder 
patterns of fernandinite and corvusite are similar. The chemical analyses 
and diffraction data for these minerals are given in Table 3. 


Navajoite 


Navayjoite, described by Weeks, Thompson and Sherwood (1955) as a 
hydrated vanadium pentoxide, is a dark brown, soft, fibrous mineral 
similar to hewettite in habit. 


Chemical analysis of navajoite by A. M. Sherwood shows: 


V205 71.68% 
V204 3.08 
Fe.O3 Shi 58 
S102 1.20 
CaO 0.22 
H20 20.30 
Total 100.06 


They give the formula V.0;-3H2O for navajoite and suggest that the 
CaO can be accounted for by 3 per cent hewettite, SiO. by quartz, and 
Fe.O3 by substitution of iron for vanadium in the navajoite structure. 
Weeks and others indexed an x-ray photograph of the zero layer (k=0) 
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TABLE 3. CHEMICAL ANALYSES AND ELECTRON DiFrRACTION Untr-CELL Data For FER- 
NANDINITE, CORVUSITE AND A ‘“‘CORVUSITE-LIKE”’? MINERAL 


Blue-black ‘“‘corvusite-like”’ 


Cra tae A 

Fearon mineral? ee eames No. 2 mine, ge ee eee 
rizona 

V204 v 6V205 g «HO V2O. : 5V205 2 «HO CaO- V20, g 5V205 g 14H,O 

CaO 0.40 CaO 205 CaO 3.83 

Fe.03 12 ' 20 Fe.O3 2 6 &) Fe.03 0 Z 90 

V204 7.62 V204 1333 V204 11.63 

V205 50.68 V205 68.1 V20; 63.33 

H2O0 15.83 H20 11.4 H:0 18.07 

K:O De 15 K,0, Na,O, Al2O3 UW K,0 0 5 59 

Na2O 1.24 Sio2+insol 0.7 MgO 0.07 

MgO 2.07 —— MoO; 1.58 

MoO; 0.28 Total 99.5 Ses 

UO; 2.94 H.O(—) 6.8 Total 100.00 

Sol. Si02 4.21 


Total 99.62 


a=11.6+0.1A a=11.69+0.03 A a=11.69+0.04 A 
b=3.65+.01 A b=3.662+0.008 A b=3.674+0.004 A 
y¥=90° y=90° y=90° 

hkl: h+k=2n hkl: h+k=2n hkl: h+k=2n 


1 Henderson and Hess (1933, p. 201). E. P. Henderson, analyst, recalculated after de- 


ducting insoluble. 
2 Robert Meyrowitz, U. S. Geological Survey, analyst. 
3 Palache, Berman, and Frondel (1951, p. 1062). W. T. Schaller, analyst, recalculated 


to 100 after deducting insoluble. 


obtained by rotating a fiber bundle around [010] in a powder camera 
and found a cell with a=17.43 A, 6=3.65 A, c=12.25 A and 6=97°. 
The } dimension was determined from an x-ray photograph of a small 
bundle of fibers rotated around [010] in a Weissenberg camera. 
Electron micrographs (Fig. 7A) of a portion of ‘‘navajoite-like” mate- 
rial (Sample A) collected by Mrs. Weeks from the South Rim workings 
of the Monument No. 2 mine, Apache County, Arizona (the type local- 
ity) show characteristic thin well-developed laths and thicker rods or 
fibers. The laths and fibers are elongated [010] and flattened {001}. The 
typical EDU spot pattern obtained from Sample A is shown in Fig. 8. 
From this pattern the strongest rings could be indexed. Measurement of 
four powder patterns gives the following unit-cell data: a=11.86+0.02 A 
and 6=3.644+0.002 A (y=90°). Reflections appear only when +k is 
even indicating a probable C-centered cell. A few spot patterns were 
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Fic. 7. Electron micrograph and diffraction patterns of navajoite and a ‘‘corvusite-like’ 
material associated with navajoite. (A) Electron micrograph of sample A. (B) SAD spo 
pattern of navajoite. (C) Aluminum standard. (D) SAD spot pattern of a “‘corvusite-like’ 
mineral associated with navajoite. 


obtained from Sample A (Fig. 7B) which are quite different from th 
“typical” pattern and indicate that a second phase is present in a mino 
amount. Examination of one of these spot patterns shows a probabl 
C-centered cell (a+k=2n) with a=35 A, 6=3.6 A and y=90°. The elec 
tron diffraction powder patterns of Sample A show several weak reflec 
tions which cannot be indexed on the basis of the “typical” spot patter: 
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but can be on the basis of the ‘‘second type” of spot pattern. Also, just 
outside the strong 020 ring (d=1.822 A) of the major phase is a weak 
but sharp ring with a spacing of 1.805 A which probably represents the 
020 reflection of the second phase. 

Another sample of “‘navajoite-like’” material (Sample B) was col- 
lected by R. G. Coleman from the South Rim workings of the Monument 
No. 2 mine. Sample B occurred as a seam in sandstone and is dark brown 
in color and very fibrous. The x-ray powder pattern of Sample B is similar 
but not identical to the x-ray powder pattern of Sample A. 

Electron micrographs of Sample B show that the crystal habit is iden- 
tical to that of Sample A. Electron diffraction patterns, however, show 
that the predominant phase in Sample B is identical to the second phase 
in Sample A. Measurement of seven EDU powder patterns of Sample B, 
indexed from the pattern shown in Fig. 9, gives the following unit-cell 
data: a2=34.7+0.2 A and 6=3.606+0.004 A (y=90°). The “i reflec- 
tions appear only when /-+2 is even. A few spot patterns (Fig. 7D) were 
obtained from Sample B which were identical to the spot patterns of the 
major phase in the Sample A. Measurement of one of these spot patterns 
gives a cell with a=12 A and b=3.6 A (y=90°). Reflections appear only 
when A+k=2n. 


Fic. 8. EDU pattern of a ‘“‘corvusite-like”’ mineral associated with navajoite, 
showing spots superimposed on rings. 
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The above data indicate that both samples from Monument No. 2 
mine contain two phases. The major phase in Sample B is navajoite, 
whereas the major phase in Sample A appears to be a “‘corvusite-like” 
mineral. This apparent “corvusite-like” mineral may represent a stage 
in the oxidation of corvusite to navajoite, and its presence in navajoite 
samples may account for the appearance of V+4 in the chemical analysis 
of navajoite. The reason why so little navajoite appeared in Sample A 
may be due to sampling. Electron diffraction data show that the 17.4 A 
reflection is a 200 reflection instead of a 100 reflection as Weeks and 
others had assumed from x-ray studies. Combination of the electron dif- 
fraction data with the x-ray data of Weeks and others would suggest 
that navajoite is monoclinic, C-centered with the following unit-cell con- 
stants: a=34.8 A, b=3.606 A, c=12.25 A, and B=97~ The results of 
this study are summarized in Table 4. 


Fervanite 

Hess and Henderson (1931) describe fervanite from Gypsum Valley, 
Colorado as a hydrous ferric vanadate with the formula FesVsO16- 5 H20. 
The mineral is fibrous, golden brown with a brilliant luster. Extinction 
is slightly inclined to the length of the fiber with 2V small, suggesting 
monoclinic symmetry (Hess and Henderson, 1931, p. 274). 

Fervanite collected by H. T. Evans from the Hummer mine, Montrose 
County, Colorado was examined. The material is golden brown and very 
fibrous, closely resembling hewettite in habit. Electron micrographs 
(Fig. 10) show that the material is composed of long narrow fibers 
elongated [001] and flattened {010}. The width of the fibers in the a 
direction averages about 0.5 microns. Measurement of four EDU powder 
patterns gives a cell with a=9.02+0.01 A, c=6.65+0.03 A and 6 
= 103°20’+ 20’. A primitive cell with the smallest 6 angle was chosen. 
Fig. 11 shows an EDU spot pattern of fervanite. 


Steigerile 


Henderson (1935) describes steigerite as a hydrous aluminum van- 
adate, AlyO3-V205-65H2O; canary yellow in color with a waxy luster. 

Electron micrographs of steigerite from Gypsum Valley, Colorado 
(USNM E-5108) show that the material is composed of thin, poorly de- 
veloped laths and angular flakes, many of which are less than one micron 
in size. The laths and flakes are flattened {010}. Measurement of seven 
powder patterns indexed from an EDU spot pattern gives the following 
unit-cell data: a=12.92+0.03 A, c=10.98+0.04 A and 6=121°13' 
+ 30’. A primitive cell with the smallest 8 angle was chosen. 
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Fic. 9. EDU pattern of navajoite, showing spots superimposed on rings. 


Frc. 10. Electron micrograph of fervanite. 
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TaBLe 4. ELECTRON DIFFRACTION AND X-Ray Unit-CELL Data FOR NAVAJOITE AND A 
“CORVUSITE-LIKE”? MINERAL ASSOCIATED WITH NAVAJOITE 


Sample A! Sample B? 
Electron diffraction data Electron diffraction data 

Major phase (‘“‘corvusite-like’’ mineral) Minor phase (“corvusite-like’’ mineral) 4 

a=11.86+40.02 A a=12A 

b=3.644+0.002 A b=3.6A 

7 =90° 7 =90° 

hkl: h+k=2n hklih-+-k=2n 
Minor phase (navajoite)* Major phase (navajoite) 

a=35A @= S47 022% 

b=3.6A 6=3.606+0.004 A 

7 =90° 7 =90° 

hkl:h+k=2n hkl:h--k=2n 


Navajoite (type material) 
V20;:3H2O 
x-ray data? 
monoclinic 
a=17.43 A 
b= 3.65A 
c=12.25A 
B=97° 


1 “Navajoite-like” material collected by A. D. Weeks from the South Rim workings, 
Monument No. 2 mine, Apache County, Arizona. 


2 “Navajoite-like” material collected by R. G. Coleman from the South Rim workings, 
Monument No. 2 mine, Apache County, Arizona. 


$ Cell data obtained from measurement of an EDU spot pattern. 
* Cell data obtained from measurement of an SAD spot pattern. 
® Weeks, Thompson, and Sherwood (1955, p. 211). 


Simplotite 


Simplotite, CaV4O09-5H20, described by Thompson, Roach and Meyro- 
witz (1958) occurs as hemispherical aggregates of dark green, platy 
crystals. They found by «-ray techniques that the mineral was mono- 
clinic, pseudotetragonal with a=8.39+0.03 A, b=17.02+0.05 A. ¢ 
=8.37+0.03 A, and B=90°25'+5’. 

Electron micrographs of the type material collected by C. H. Roach 
from the Peanut mine, Montrose County, Colorado, show that it is 
composed of irregularly shaped plates or flakes varying greatly in size. 
Measurement of four EDU powder patterns of simplotite gives a cell with 
a=c=8.336+0.002 A and B=90°0’ +30’. An SAD spot pattern of sim- 
plotite superimposed on the rings of the aluminum standard is shown in 
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Thompson, Roach and Meyrowitz (1958, p. 22). The tetragonal sym- 
metry is apparent. 


DISCUSSION 


The electron diffraction technique can be used to determine unit-cell 
constants of crystals that may be too fine grained to give useful optical 
or x-ray data. The importance of the technique for the study of layer 


Fic. 11. EDU spot pattern of fervanite. 


lattice minerals which are unsuitable for single crystal x-ray diffraction 
analysis cannot be overstressed, particularly in view of the recent suc- 
cessful applications of electron diffraction methods to the complete solu- 
tion of crystal structures (Pinsker, 1953; Cowley, 1953a,0). 

No attempt is made to determine completely the unit-cell of minerals 
examined in this study either by correlation with «-ray powder patterns 
or by examination of electron diffraction patterns of “oblique texture.’’* 
The use of x-ray powder patterns in connection with the ‘“‘two-dimen- 
sional” electron diffraction data to determine completely the unit-cell of 
layer lattice minerals presents a number of problems. In general, the 


* An “oblique textured” pattern refers to an electron diffraction pattern obtained from 
a polycrystalline specimen which has preferred orientation, the plane of orientation being 
inclined from a normal to the electron beam. 
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y-ray pattern of this type of mineral shows weak and broad or diffuse 
rings, making measurement difficult. Moreover, indexing of the x-ray 
powder pattern with electron diffraction until cell data is often ambigu- 
ous because a series of closely spaced reflections may appear only as broad 
bands in the x-ray pattern. Indexing of the x-ray pattern by direct com- 
parison with an index EDU oriented powder pattern is usually impossible 
because, due to orientation effects, the EDU pattern includes only a 
restricted number of reflections; whereas the equivalent reflections in the 
x-ray pattern are usually very weak or missing entirely. The direct lattice 
spacings given by EDU powder patterns of nonorthogonal crystals may 
be different from the direct lattice spacings given by the «-ray powder 
pattern and thus cause further difficulty in indexing. The reasons for the 
differences in the values of the lattice spacings obtained by the two meth- 
ods for nonorthogonal crystals are discussed in Part I. 

Electron diffraction powder data cannot, in general, be compared to 
ASTM x-ray data for the identification of fine-grained minerals because 
of the variations between «x-ray and electron diffraction powder patterns 
mentioned above. In this laboratory a set of standard EDU powder and 
spot patterns is used to identify unknown materials. 

Electron diffraction patterns of ‘‘oblique texture’ have been used by 
Pinsker and co-workers to find the unit cell and space group of a number 
of compounds. Pinsker (1953, p. 93) gives a general account of the inter- 
pretation of patterns of ‘‘oblique texture.” It is beyond the scope of this 
paper to discuss the use of this type of pattern in evaluation of the unit 
cell of layer lattice minerals except to point out that in many cases min- 
erals of this type are so thin in one direction that patterns of ‘‘oblique 
texture” give no information about the axial length in the thin direction 
of the crystal. 

Little use was made in this paper of SAD spot or powder patterns for 
the determination of unit-cell data; however, SAD patterns give the same 
unit-cell data as do the EDU patterns. Measurements of SAD patterns 
are not very precise, particularly if the patterns are not internally stand- 
ardized. 
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A RESTUDY OF STEVENSITE AND ALLIED MINERALS* 
GrorGE T. Faust,{ JoHN C. HATHAWAY,{ AND GEORGES Mitiort 


ABSTRACT 


Stevensite was shown by Faust and Murata to be a montmorillonite group mineral. 
Brindley subsequently proposed that stevensite consists of an interlayered talc-saponite 
mineral. A restudy of stevensite shows that it is not an interlayered talc-saponite mineral 
but rather a type of defect structure. The defect structure arises from a deficiency in the 
total number of ions in octahedral coordination. This concept of stevensite as a defect 
structure seems to fit all of the data from «-ray, infrared, differentia] thermal] analysis, and 
solution studies. 

Ghassoulite is shown to contain 0.36% LiyO and 3.22% F. Experimental] studies show it 
to be like hectorite instead of stevensite. 

Synthetic stevensites, the interstratified “saponite-talc” of aie and hanusite are 
interpreted in terms of the results reported here. 

Two new chemical analyses are reported:—Ghassoulite from Djebel Ghassoul, Mo- 
rocco, and a mixture containing stevensite from Mine Creek, North Carolina. 

It is recommended that the names hanuSite (=stevensite+-pectolite) and ghassoulite 
(=hectorite) be relegated to the synonomy. 


INTRODUCTION 


Stevensite was redefined as a member of the montmorillonite group by 
Faust and Murata (1953) on the basis of differential thermal analysis, 
staining, x-ray powder diffraction, and chemical studies. Since that time 
further studies have appeared on stevensite and related minerals and the 
original literature on hanuSite has become available to us. This paper 
presents the results of further studies and an interpretation of the various 
data. 

During World War II, KaSpar (1942) described the mineral hanuSite 
which he characterized as the magnesium end-member of the supposed 
pectolite-walkerite series. Fleischer (1943), commenting on the new min- 
eral name, hanuSite, suggested the relationship to stevensite. Brindley 
(1955) made further studies on stevensite and proposed on the basis of 
his x-ray data that stevensite ‘“‘may be described as a talc-saponite inter- 
layered mineral.” 

Millot (1954), unaware of the paper by Faust and Murata, gave the 
name ghassoulite to a clay from Morocco which is used in laundering. 
This clay had been described, with an analysis, by Damour (1843). 
Fleischer (1955) in his discussion of new mineral names, stated that 
ghassoulite was probably identical with stevensite. Andrea Alietti (1956) 
described a mineral related to stevensite from Monte Chiaro, Italy, as an 
interlayered mineral of saponite and talc. 


* Publication authorized by the Director, U. S. Geological Survey. 
t U.S. Geological Survey, Washington 25, D. C. 
{ Université de Strasbourg, Strasbourg, France. 
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DESCRIPTION OF THE SPECIMENS STUDIED 


The mineral cabinet of Albert R. Leeds, (the discoverer of stevensite) 
was bequeathed to the Stevens Institute of Technology at Hoboken, 
New Jersey, where Leeds had been a professor. In an attempt to locate 
the type specimen of stevensite, we requested Professor S. C. Williams of 
that institution to search for it in the Leeds cabinet. Unfortunately, 
neither the type material nor any specimen of stevensite could be located. 
Professor Williams did, however, send us a specimen of stevensite which 
he had obtained for this study from William C. Casperson, at that time 
curator of minerals in the Paterson Museum, Paterson, New Jersey. 

Color references are to Ridgway’s standards symbols. 


Stevensite No. 1.—Locality: Springfield, New Jersey (U.S.N.M. R4719). Pseudomorphous 
after pectolite. Pink masses. The powder of the sample used for the chemical analysis 
and other studies is pale Salmon Color, 9’.OR : O.f. Analysis 1, Table 1. 

Geological Occurrence: Late stage hydrothermal replacement of pectolite in cavities in 
basalt. 

Stevensite No. 2.—Locality: Jersey City, New Jersey, (Selfridge No. 51). Deweylite, “‘Ser- 
pentine after pectolite.”’ Color, Wood Brown, 17’’’ O. Y. 

Geological Occurrence: Late stage hydrothermal] replacement of pectolite in cavities in 
basalt. From Professor Paul F. Kerr. 

Stevensite No. 3.—Locality: Paterson, New Jersey (F-1104). Pseudomorphous after pecto- 
lite. Color of fresh surface is Pale Vinaceous-Fawn 13’’’.O. Y.-O.f. Color of weathered 
surface is Vinaceous-Buff, 17’’’. O. Y.d. 

Geological Occurrence: Late stage hydrothermal replacement of pectolite in cavities in 
basalt. Collected by George T. Faust. 

Stevensite No. 4.—Locality: New Street Quarry, Paterson, New Jersey (#685). Pseudo- 
morphous after pectolite. Color of most of the specimen is pale pinkish buff, 17’’.0- 
Y.f. A small portion is safrano pink, 7. R. O. f. 

Geological Occurrence: Late stage hydrothermal replacement of pectolite in cavities in 
basalt. From Professor S. C. Williams. 

Stevensite No. 5.—Locality: Mine Creek, Bakersville, Mitchell County, North Carolina 
(F-48). Insufficient material for naming the color. This sample is impure and contains 
some serpentine mineral. 

Geological Occurrence: Probably a hydrothermal alteration product in dunite. From Dr. 
C. S. Ross. Analysis 3, Table 1. 

Stevensite.—Synthetic. Prepared by N. L. Bowen and O. F. Tuttle (1949). Tentatively 
identified by them as sepiolite (?). Charge T-2-37. Theoretical Composition of sepio- 
lite-held at 340° C. and at a pressure 30,000 pounds per square inch. Color white. 

Ghassoulite.—Locality: Djebel Ghassouel* mine, on the spur of the Moyen Atlas Moun- 
tains which dominate the valley of the Moulouya, Ksabi Province, Eastern Morocco. 
Color—light drab, 17’’’’. O.Y.b. Analysis 4, Table 1. 

Geological Occurrence: Tertiary sedimentary argillite. Continental facies. Series include 

periodically: flint, the “earth ghassoulite,” green marl and white limy-marl. Ghassou- 

lite is authigenic in origin in a lake deposit of chemical sediments (Jeannette, 1952; 
Millot, 1949). 

Hectorite:—Locality: About 3 miles south of the village of Hector, San Bernardino County, 


* Some transliterations give Rhassoul and Rassoul. 
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California. Color pure white. API clay mineral standard, H-34, used in «x-ray studies. 
Analysis and DTA study on other purified samples. 

Geological Occurrence: Hydrothermal replacement of tuff enclosed within basaltic lava 
flows. Analysis 6, Table 1. 


Table 1 contains in addition to the analyses cited above the analysis 
of other minerals pertinent to this discussion. These are analysis 2, 
stevensite from Jersey City, N. J. (Faust and Murata, 1953); analysis 5, 
ghassoulite from Morocco (Damour, 1843); analysis 7, hanuSite from the 
Riesengebirge (KaSpar, 1942) and analysis 8, talc-saponite from Italy 
(Alietti, 1956). Analysis 3, stevensite from North Carolina and analysis 
4, ghassoulite from Morocco are new. 


DIFFERENTIAL THERMAL ANALYSIS DATA 


The differential thermal analyses were made in a modified form of the 
Alexander, Hendricks, and Nelson (1939) apparatus. The samples were 
heated in a nickel block at the rate of 12° C. per minute. The records 
were obtained as photographs. The samples were all air-dried at room 
temperature and at a relative humidity of about 65%. 

DTA patterns of the original sample, stevensite No. 1, studied by 
Faust and Murata (1953); of stevensite No. 4, from Paterson, New Jersey; 
of stevensite No. 5, an impure stevensite from Mine Creek, North 
Carolina; of synthetic stevensite synthesized by Bowen and Tuttle 
(1949); of ghassoulite from Morocco; and of hectorite from Hector, 
California are shown in Fig. 1. The general similarity of these patterns is 
apparent and they are typical of the montmorillonite group of minerals. 
The sample weights and data obtained from the curves are summarized 
in; Table 2. 

The DTA record (C-123) of stevensite No. 1 covers the temperature 
range of 25° C. (at the beginning of the curve) to 1061° C. (at the end of 
the curve). At the high temperature end of the curve from about 885° C, 
to 1061° C. the record is essentially a straight line. It is within this region 
that talc undergoes its dehydration and its endothermic trough generally 
has its minimum at about 950° C. to 1000° C. Such a trough does not 
appear on the curve for stevensite No. 1. The behavior of stevensite No. 
4 (C-785), bearing in mind the difference in weight of the samples, is 
almost the same as that of stevensite No. 1, and the temperatures of the 
minima of the troughs are very close (see Table 2). The small area under 
the low-temperature endotherm of the synthetic stevensite (C-519) arises 
from the drying out of the sample. Drying out has probably been accel- 
lerated by the very fine grain size of the synthetic preparation. The x-ray 
powder pattern of this sample shows two weak lines which suggest the 
presence of a small amount of chrysotile. Stevensite No. 5, (C-546), 
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419 
C-785 355 
Bi2 
152 Ma 
c-519 Bis 
116 616 800 
8él 
814 
C-546 
695 79 
147 685 
C-742 
593 
832 
165 
C-103 
728 
828 
16 


Fic. 1.—Differential thermal analysis curves for Stevensite No. 1, Springfield, New 
Jersey, C-123; Stevensite No. 4, Paterson, New Jersey, C-785; Synthetic stevensite, Bowen 
and Tuttle preparation T-2-37, C-519; Stevensite No. 5 with serpentine, Mine Creek, North 
Carolina, C-546; Ghassoulite, Morocco, C-742; and Hectorite, Hector, California, C-103. 

The temperature on the left of the diagram is about 25° C; the temperature at the ter- 
mination of the curve, on the right, is about 1000° C. 


is an impure sample containing a serpentine mineral. The curves of 
ghassoulite (C-742) and hectorite (C-103) seem most closely alike. It 
is noteworthy that at the termination of the DTA curve for hectorite a 
high temperature endothermic trough appears. The onset of this trough 
is at 1053° C. and as far as this record goes to 1077° C. the minimum was 
not reached. Such a high temperature endothermic trough in hectorite 


has been noticed by other investigators, Grim and Rowland (1942) 
and Schmidt and Heystek (1953). 


X-RAY STUDIES 


The samples were prepared for x-ray analysis as follows: hectorite was 
treated with glacial acetic acid diluted with 3 parts of water to remove 
calcite in the sample, then washed with distilled water. The <2y fraction 
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was obtained by repeated centrifuging and decanting. Stevensite No. 4 
was also fractionated by centrifuging but the Stevensite No. 1 and ghas- 
soulite samples proved too small to handle in this manner. The ghassou- 
lite probably contains a very small amount of quartz. These (Stevensite 
No. 1 and ghassoulite) were dispersed in distilled water in test tubes 
by a motor driven brush and allowed to stand until most of the coarser 
particles had settled. Oriented aggregates of the fine fraction of these 
four minerals were prepared by pipetting some of the clay suspension 
onto glass slides or by centrifuging the material onto porous plates by 
the method of Kinter and Diamond (1956). Randomly oriented powders 
were prepared by drying the clay at room temperature, crushing to a 
moderately fine powder and sieving the material with a 200 mesh sieve 
into aluminum mounts with openings 10X41 mm. Care was taken not 
to pack the powder tightly in order to avoid introducing too much pre- 
ferred orientation. X-ray patterns were prepared using a Norelco dif- 
fractometer. The operating constants are given below: 


For randomly For oriented 
oriented powders aggregates 

Radiation Cu, Ni filtered Cu, Ni filtered 
KVP 40 40 
MA 20 20 
Divergence slit 4° i 
Receiving slit .006 inch .006 inch 
Scatter slit 4° alt 
Sample length 41 mm. 44 mm. 
Scale factor 8 16-64 
Multiplier 1 1 
Time constant 4 sec. 4—2 sec. 
Scanning speed 2 °/min. 2 °/min.+1 °/min. 
Chart speed 3 inch/min. 3 inch/min, 


Traces of the patterns obtained from the randomly oriented powders 
are shown in Fig. 2. There is a close similarity of the patterns, except for 
the 00/ diffraction maxima and those due to impurities. The characteris- 
tically broad asymmetrical hk bands of the montmorillonite group min- 
erals are present in all four samples. 

The differences in these minerals are brought out more clearly in the 
patterns for the untreated oriented aggregates shown in Fig. 3. 

The summary of the diffraction data shown by these two groups of 
patterns is given in Table 3. 

The intensities shown in Table 3 are derived from measurements of the 
relative areas under the diffraction peaks. Relative intensities for 00J 
reflections were based on patterns of oriented aggregates whereas the 
intensities for the hk reflection were based on the patterns of randomly 
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oriented powders. The strongest reflection in each of these two groups 
was assigned an intensity of 10. The reasons for assigning these intensities 
separately are as follows: 

(1) The 00/ reflections may vary considerably in intensity with respect 
to the hk reflections as a result of preferred orientation. 

(2) The wide (4°) slits used with the randomly oriented powder to 
obtain adequate intensity of the diffracted radiation prevent the record- 
ing of diffraction effects below about 5° 20, and the long spacings of air- 
dried stevensite occur in this region. 
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F - FELDSPAR 
Q- QUARTZ 


13,20 


22,04 


HECTORITE, k 
CALIF. 


GHASSOULITE, 
MOROCCO 


STEVENSITE, 
PATTERSON, N.J, 


STEVENSITE, 
SPRINGFIELO,N.J. 
1 | 
90 80 70 


50 40 
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Fic. 2.—X-ray diffractometer patterns of randomly oriented 
powders of hectorite, ghassoulite, and stevensite. 


(3) In spite of the use of a long (41 mm.) sample mount, the entire 
divergent x-ray beam is not intercepted by the sample below about 20° 
26. Thus lines recorded below 20° 26 are not strictly comparable with 
those recorded above this angle. On the other hand, the narrower (1°) 
slits used with the oriented aggregates and the long sample (44 mm) 
allow direct comparison of intensities above about 8° 26. Discrepancies 
between samples may arise, however, depending on whether Lorentz and 
polarization factors for random powders, extended faces of single crys- 
tals, or some intermediate condition apply to the OO/ intensities ob- 
served in oriented aggregates. The justification of applying strictly any 
one factor to the correction of such intensities is questionable. 

The indices assigned are according to Brindley (1955, p. 241). The 
long spacing of ~25 A noted by Brindley was found in both Stevensite 
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Fic. 3.—X-ray diffractometer patterns of untreated oriented 
aggregates of hectorite, ghassoulite and stevensite. 


No. 4 and Stevensite No. 1. These spacings, together with those in the 
ranges 12 A-14 A, 4.7 A-5.2 A, and 3.16A-3.4 A, form a non-integral 
series, therefore, as Brindley has pointed out, a precise index cannot be 
assigned to any of these spacings. The 00/ spacings of ghassoulite and 
hectorite fall into this category also, as do many montmorillonites in 
an air-dried state. 

Treatment of a montmorillonite with ethylene glycol usually causes 
expansion of the mineral in the ¢ axis direction to give a basal spacing of 
~17 A. An x-ray diffraction pattern of such glycol treated material shows 
this spacing plus an integral series of higher orders from it. Figure 4 
shows the patterns obtained from ethylene glycol treated oriented ag- 
gregates of hectorite, ghassoulite, and the two stevensite samples. 
Table 4 lists the spacings for first 6 orders of the O0O/ series. No lines were 
visible beyond 006. 
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All samples depart to a greater or lesser degree from a strictly integral 
series. Brindley (1955, p. 245) has proposed that such departure in steven- 
site, together with the diffuse nature of the 0O/ reflections, point toward 
the presence of nonexpanding material interstratified with montmoril- 
lonite type layers. He suggests that an interstratification of 9.5-10 A 
and 14-15 A structures could produce the irrational sequence of basal 
reflections and the 24-25 A reflection observed in air dried specimens, and 


HECTORITE, 
CALIF. 


GHASSOULITE, 
MOROCCO 


STEVENSITE, 
PATTERS Nv. 


| 
STEVENSITE, 
SPRINGFIELD, NJ 


30 20 10 
DEGREES 26 COPPER Ka RADIATION 


Fic. 4.—X-ray diffractometer patterns of oriented aggregates of 
hectorite, ghassoulite and stevensite treated with ethylene glycol. 


that upon ethylene glycol treatment such a sequence of layers would 
give “‘a ‘first’ order at about 17 A or a little higher spacing, a ‘second’ 
order at about 9 A together with higher orders which cannot be reliably 
identified in the spectrometer traces.” If such is the case for stevensite 
then both hectorite and ghassoulite might be suspected of containing 
interstratifications of nonexpanding material. Neither shows a strictly 
integral sequence of basal orders, nor does either show a less diffuse or 
better developed sequence. 


According to the diagram given by Weaver (1956 p. 206) an assem- 
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TABLE 4.—X-Ray Data For ORIENTED AGGREGATES TREATED WITH 
ETHYLENE Giycor (Cu/Ni; \=1.5418 A) 


Mi 1. Hec- 2. Ghas- 3. Steven- 4. Steven- 
ineral : ; , 5 
torite soulite site No. 4 site No. 1 Calculated 
Localit inefi ——————— 
ocality Hector, tees Paterson, Springfield, 
SSS Calif. ING Ue IN I 
‘ d (A) 
Indices ° ° B A 
d (A) d (A) d (A) d (A) 
001 le 18.0 16.9 Os 70 
002 8.8 8.8 8.8 9.0 0) 
003 5.69 5.68 5.69 5.68 5.66 
004 ? ie ? ? Al PDS) 
005 3.40 Bool 3.39 Desi 3.40 
006 2.86 2.90 BOND ? 2.83 


* The 15A spacing for ethylene glycol saturated stevensite reported by Faust and Mu- 
rata (1953, p. 976) was obtained only when the material was also saturated with ‘‘duco”’ 
cement thinned with acetone. 


blage of mixed layered 10 A and 17 A units could contain up to about 
30% expanded (17 A) layers without decreasing the first order spacing 
by more than 0.5 A. This would suggest that if any nonexpanding units 
are present in the materials under study, they probably account for less 
than 30% of any assemblage. 


ELECTRON MICROSCOPE STUDIES 


Electron micrographs of ghassoulite made at the University of Stras- 
bourg show it appearing as laths and bands analogous to the laths and 
bands of hectorite. Electron micrographs of stevensite, on the other 
hand, resemble in morphology the common montmorillonites being ir- 
regular shaped thin plates and curled thin fragments (Brindley, 1955). 


INFRARED ABSORPTION ANALYSIS 


In order to test Brindley’s (1955, p. 246) proposal that talc layers con- 
stitute the nonexpanding portions of stevensite, a method was sought 
that would differentiate between talc and other layer type structures 
that might also have a c axis spacing of 10 ~A. As talc seemingly alone 
among the layer lattice silicates gives an infrared absorption pattern with 
a strong absorption peak at a wavelength close to 15 microns, it was 
thought that any talc present in the samples studied might be revealed 
by the occurrence of this peak in the infrared spectra. 

Robert G. Milkey of the U. S. Geological Survey kindly made infrared 
absorption analyses of talc, hectorite, ghassoulite, and Stevensite No. 4 
as well as saponite, phlogopite, and pyrophyllite, close ne ghbors of talc 
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HECTORITE 


GHASSOULITE 


80} Ss —f-—st- - +- +— —+-— 
i, 


STEVENSITE 


PERCENT TRANSMITTANCE 


2 3 4 5 6 7 8 9 10 
AVELENGTH IM MICRONS 


Fic. 5.—Infrared absorption spectra of hectorite, ghassoulite, stevensite and talc. 
Identical sample concentrations were used. The small sharp peak at 15 microns occurring~ 
in all the patterns is an instrumental effect. Robert G. Milkey, analyst. 


in either composition or structure. The spectra obtained are shown in 
Figs. 5 and 6. Milkey’s comments follow: 

“Each of the minerals showed a strong absorption region at wave 
length 9 to 10 microns, which is shown by silicates in general. This peak, 
although showing some variations in shape among the different samples, 
was not distinctive enough to be useful for analysis of the structures. 

“Other major absorption was due to hydroxyl and to the water 
molecules. These peaks are not necessarily quantitative, because no 
particular care was taken during the analysis to prevent absorption of 
water by the sample. It is of interest, however, that the hydroxyl peaks 
showed evidence of some non-hydrogen-bonded hydroxyl, together with 
stronger absorptions due to hydrogen-bonded hydroxyl which was largely 
accounted for as being present as H2O molecules. 

“The region of primary interest is at wave lengths from 14 to 15 mi- 
crons. Talc has a strong absorption peak in this region at close to 15 
microns, plus a weaker absorption peak near 14.5 microns. It seems likely 


that in this region, the absorption arises from the overall skeletal vibra- 
a) 
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tions of the crystal structure. Of the close neighbors of talc—stevensite, 
ghassoulite, saponite, hectorite, pyrophyllite, and phlogopite, only 
stevensite has a peak at this same point which is similar to that of talc. 
The intensity of the peak is somewhat less in the stevensite spectrum 
than in the talc. The other minerals showed only a diffuse absorption in 
this region: ghassoulite and hectorite showing a secondary peak near 
14.4 microns, followed by a plateau of absorption, whereas saponite, 
pyrophyllite, and phlogopite had generally the diffuse plateau in this 
region. 

“Spectra were also obtained of talc, and stevensite, ghassoulite, and 
hectorite which had been heated at 500° C. for 1 hour to eliminate inter- 
layer water and collapse the layers (Fig. 7). The heated sample of 
stevensite still showed, near 15 microns, the strong absorption peak, 
which now more closely resembled the talc peak than before. The ghas- 
soulite and hectorite again did not show the strong peak at 15 microns; 
also, the minor peak which had previously appeared near 14.4 microns 
for ghassoulite and hectorite, was shifted after the layers were collapsed 
to a wave length of 14.5 microns. (It is interesting to note that this peak 
also occurs, as a weak ‘shoulder,’ in the spectra of stevensite and talc. 
In fact, the spectra of talc and stevensite in this region could possibly 
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Fic. 6.—Infrared absorption spectra of pyrophyllite, phlogopite, and saponite. Iden- 
tical sample concentrations were used. The small sharp peak at 15 microns occurring In all 
the patterns is an instrumental effect. Robert G. Milkey, analyst. 
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Fic. 7.—Infrared absorption spectra of hectorite, ghassoulite, stevensite and talc after 
each sample had been heated at 500° C. for one hour. Identical sample concentrations were 


used. The small peak at 15 microns occurring in all the patterns is an instrumental effect. 
Robert G. Milkey, analyst. 


be the same as ghassoulite and hectorite, with the addition of the super- 
imposed strong absorption at 15 microns.)” 

On the basis of the infrared studies the data presented here do not 
unequivocably answer the questions regarding the presence of talc layers | 
in the structures of stevensite. As Milkey states, “the particular type of 
bonding giving rise to the absorption in the 14.5 to 15 micron region is 
not known.” In addition the possible effect of the substitution of fluorine 
for hydroxy] in hectorite and ghassoulite has not been evaluated. 

The significance of the infrared data for the heated and unheated speci- 
mens of talc and stevensite cannot be quantitatively assessed because the 
packing density was not determined and other quantitative factors were 
not controlled. : 

Bearing in mind these limitations, one could interpret the infrared data 


as suggesting that if non-expanding layers are present in stevensite they 
could be talc-like in nature. 
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SOLUTION STUDIES OF STEVENSITE, HECTORITE AND TALC 


The ease of decomposing stevensite, and the other minerals now known 
to be identical with it, in hydrochloric acid has been known for a long 
time. 

Samples of stevensite ground to the customary grain size for chemical 
analysis (—100 mesh) are completely destroyed by hydrochloric acid. 
Samples of talc similarly treated are not appreciably attacked. Murata! 
decomposed stevensite by leaching the mineral three times with 1:1 
HCl. A sandy residue was formed. This residue, separated silica, is 
optically isotropic, has an index of refraction, m, of 1.45+ and is soluble 
in five per cent sodium carbonate solution. 

Clarke and Schneider (1890) studied the solution of talc under the 
following experimental conditions—(1) heated in dry HCl gas to 383° 
412° C. for fifteen hours, (2) rapid evaporation with 75 cc. of fuming 
aqueous HCl, (3) eight days’ digestion on the water bath with acid of 
1.12 sp. gr., and (4) by digesting in like manner to (3) for thirty-two days. 
In the later experiment “3.94 (%) MgO and 0.41 (%) of sesquioxides 
were taken out.”’ They conclude “Talc, therefore is, as should have been 
expected, remarkably stable in presence of hydrochloric acid, both aque- 
ous and dry.” 

The marked contrast in the behavior of talc and stevensite under these 
experimental conditions is apparent. 

Further data on the solution phenomena of stevensite, hectorite, and 
talc were obtained in this study. 

The solution phenomena of stevensite were determined by digestion of 
the material in hot 10N HCl for about 6 hours. Two samples of stevensite 
were used and are referred to in the discussion as ‘Ist run” and “2nd 
run.”’ Both of these samples were prepared by gentle crushing, centri- 
fuging and decantation. Mechanical deformation of the stevensite crystal 
plates has thus been kept at a minimum and the disorder in the crystal 
structure of the plates is not appreciably increased. Hectorite was like- 
wise prepared and treated with acid. The results of these solution studies 
are recorded in Table 5. The column entitled ‘‘Wt. Loss in %, of original 
weight,” in Table 5, includes not only the loss due to solution in the acid 
but also mechanical losses arising in filtering extremely fine-grained ma- 
terial which fails to settle or passes through the filter. This mechanical 
loss of sample gives rise to the discrepancy between the “MgO in %, of 
original wt.” and the ‘““MgO in typical sample of mineral.” 

The data for talc are not strictly comparable with those of stevensite 
for the samples were prepared by grinding dry for 30 hours in a mechan- 
ical mullite mortar. The starting material was a purified talc, U.S.P., 


1 Murata, K. J., personal communication, 1953. 
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TaBLE 5.—SOLUTION STUDIES OF STEVENSITE, HECTORITE, 
AND Tatc IN Hot~10N HCl 
A Wt. loss,| MgO in} MgO in MgO in 
ace ee : 1 in %, of | %, of %, of typical Data on Notes 
tee On aoe original wt. original sample of | grain size 
Dour wt. loss! wt. mineral 
6 stevensite (1st run) 33.8 68.4 Beet 27.47 < 2p stevensite No. 1 
Springfield, N. J. 
6 stevensite (2nd run) 32.5 62.5 20.3 27.47 <= 2p 
6 hectorite 40.5 47.6 19.2 25.03 < 2p Hector, Calif. 
6 “ground tale” (no. T-1) 0.70 31.89 <37u Original sample 
6 “ground tale” (no. T-1) Tae 31.89 10-20 
6 “sround talc” (no. T-1) 105 31.89 2-10u Original sample 
6 “ground talc” (no. T-1) 1154 31.89 1-2 uw ground 30 hours 
6 “ground talc” (no. T-1) 16.1 31.89 <— tp 
60 “ground talc” (no. T-1) 0.62 31.89 <37p Original sample 
60 “ground talc’’ (no. T-1) Say 31.89 10-20 
60 “ground talc” (no, T-1) 10.8 31.89 2-10u Original sample 
60 “ground tale” (no. T-1) 1283 31.89 1— 2p ground 30 hours 
60 “ground talc” (no. T-1) 17.0 31.89 < ip 


1 Harry C. Starkey, analyst. 


Item 51-T-4350, from the Industrial Distributors which had already 
been ground to a fine grain size. A sample, no. T-1, ground for 30 hours 
give the following size analysis: 


> 20u 

10-20 
2-10 
1-2 

<< el 


Experimental loss 


Weight per cent 


6 
VSS 
38.0 


This size analysis is unusual in having two pronounced modes. Some 
of this unusual distribution of the grain size may be due to the presence 
of incompletely ground particles of talc which remained at the periphery 
of the mortar during much of the grinding process. The various data on 
the solution phenomena of ground talc are given in Table 5. Determina- 
tions of the amount of Mg in the solutions obtained from stevensite and 
talc were made by Harry C. Starkey and John C. Hathaway of the U. S. 
Geological Survey using the automatic photometric titration method 
of Shapiro and Brannock (1956, p. 41). 


} 
| 
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In discussing solution phenomena and comparing the results of the 
various experiments it is necessary to define the conditions of the studies. 
The data discussed here are solution studies of these minerals in hydro- 
chloric acid and are not solubility measurements. From the standpoint 
of thermodynamics and the phase rule a given point on the solubility 


_ curve, at a given temperature, represents an equilibrium relationship 


involving the coexistence of the liquid phase and the solid phase. Such 


_ arelationship cannot be established in acid solution studies. 


In such inequilibrium processes external characteristics such as grain 
size, perfection of the crystals or crystalline particles and other proper- 
ties may greatly influence the rate of, or amount of solution. 

Minerals of the montmorillonite group such as stevensite are generally 
composed of aggregates of tiny plates. When such an aggregate is placed 


In water or an aqueous solution it will break up and swell. In swelling 
_ the plates of stevensite will separate parallel to the basal plane and be- 
come smaller than they were in the original mass. In the processes of 


dispersion, centrifuging and decantation the original tiny plates have not 
only become thinner but their other dimensions may be reduced. In 
addition, the stevensite in water may undergo some ion-exchange with 


_hydronium ions. That these tiny plates may come from larger plates is 


indicated by optical examination of stevensite which shows double re- 
fracting areas. These doubly refracting areas in stevensite represent 
optical continuity over areas sometimes as much as a few square milli- 


_ meters. 


Talc, on the other hand, has strong cohesive forces which prevent its 
mechanical disintegration by water and in order to reduce it to com- 
parable grain size with that of stevensite it is necessary to grind it. The 
continuous dry grinding of this talc has probably introduced considerable 
disorder into the crystal structure of the individual plates of talc. Such 
disordered crystals would be expected to have a greater ease of decom- 
position than (1) plates slacked off larger plates and (2) synthetic crystals 
of the same size. Yoder and Eugster (1955, p. 256-257) have shown that 
for muscovite, grinding under almost identical conditions for thirty 
hours not only affects the particle size but also the shape and that meas- 
urable structural damage was observed. 

Synthetic talc crystals grown as aggregates in hydrothermal synthesis 
studies by Bowen and Tuttle (1949) were examined by differential ther- 
mal analysis and «-rays and found to consist only of talc. This material 
was also examined with the electron microscope by Marie L. Lindberg, 
U. S. Geological Survey, who found the fully dispersed material to be 
uniformly thin tabular plates. The range in size of the fully dispersed 
particles is from about .02y to 0.26u. The size of the plates was judged by 
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reference to included spheres of polystyrene having a diameter of 2590 
angstrons. Solution studies on this synthetic talc were made by Joseph J. 
Fahey. The sample was treated with 10N HCl for six hours on the steam 
bath. Magnesium was determined as the pyrophosphate. The synthetic 
talc yielded 15.7% MgO in the solution study which indicates that it was 
about 50 per cent decomposed by the acid. 

Bearing in mind all of these limitations we may conclude that steven- 
site aggregates are decomposed by hot 10N HCl at all aggregate grain 
sizes from —100 mesh to the <2y dispersed particle fraction. Hectorite 
is likewise destroyed. Talc on the other hand is more resistant, it is not 
mechanically disaggregated by water or aqueous solutions, and for 
particles from —100 mesh down to at least 37 microns it is relatively un- 
affected by hydrochloric acid. For samples which have been ground dry 
for thirty hours the decomposition of the “‘ground talc” increases with a 
decrease in grain size and for the material <1y approximately one-half 
of it is decomposed under these conditions. These various experiments 
confirm the relative stability of talc over stevensite in the presence of 
hydrochloric acid. 

Infrared spectra of the residue from the stevensite, 1st run, and the 
talc acid treatments are shown in Fig. 8. The talc diagram is essentially 
unchanged from that of untreated talc, but the stevensite is considerably 
altered. A pattern similar to that of amorphous silica occurs and the 15 
micron “‘talc” absorption is absent. 


CATION EXCHANGE CAPACITY 


The total cation exchange capacity of samples of the stevensite No. 4 
from Paterson, N.J., ghassoulite, and hectorite were determined by 
Dorothy Carroll of the U. S. Geological Survey using the colorimetric 
manganese method of Bower and Truog (1940, p. 411-413). The values 
obtained are given in Table 6. 

The total cation exchange capacities reveal differences between the 
three minerals, ghassoulite and hectorite falling within the range usually 
associated with the montmorillonite group minerals, and stevensite 
falling below the range. This is in accord with the previous studies re- 
ported by Faust and Murata (1953). Talc has a cation exchange of 0.2 
to 0.4 m.e. per 100 grams Kingery, Halden, and Kurkjian (1955). 

The exchangeable ions in ghassoulite were determined by Harry C. 
Starkey and John C. Hathaway using the flame photometric and auto- 
matic photometric titration methods of Shapiro and Brannock (1956, 
p. 39-44). The results are given in Table 7. 

These results show that exchangeable Mg plays an important role in 
ghassoulite and that the sum of octahedrally coordinated cations is 
probably less than 3. 
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Fic. 8.—Infrared absorption spectra of residues from treatment of talc and stevensite 
with concentrated HCl. Identical sample concentrations were used. The small sharp peak 
at 15 microns occurring in all the patterns is an instrumental effect. Robert G. Milkey, 
analyst. 


CHEMICAL ANALYSIS OF GHASSOULITE 


Ghassoulite, analyzed by Augustin A. Damour in 1843 (Analysis 5, 
Table 1), contained 1.5% sand. The availability of ghassoulite from the 
studies of Millot (1954) afforded material for a new analysis. The new 
chemical analysis of ghassoulite, analysis No. 4 in Table 1, was made by 
our colleague, Joseph J. Fahey. Since the iron is chiefly in the ferrous state 
all of the iron is reported as FeO. The specific gravity of ghassoulite 
determined with a fused silica Adams-Johnston pycnometer using water 
as the filling liquid was found to be 2.336 at 4° C. The alkalies were de- 
termined by Joseph L. Dinnin using a flame photometer and the fluorine 
was determined by Sarah Berthold using a modified Willard-Winter 
method. It is of interest to note the general similarity between the 


TABLE 6. TOTAL CATION EXCHANGE CAPACITY OF STEVENSITE, 
GHASSOULITE, AND HECTORITE 


: Cation exchange capacity 
Mab m.e./100 g. 
Stevensite, No. 4, Paterson, N. J. <2 fraction 37.6 
Ghassoulite, Morocco Sy A 
Hectorite, California 60. 8? 


1 Average of three determinations. 
2 Average of two determinations. 
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TABLE 7. CATION EXCHANGE RELATIONS OF GHASSOULITE 


Exchangeable Cations In m.e./100 g. In per cent as oxides 
Nat 17 Na2O 2S) 
kes 3 K20 14 
Cats 2 CaO .06 
Mg** 55 MgO UJI! 
Total 77 

Exchange capacity 

(from table 6) [Soli 


analyses of Damour and Fahey (note that 0.70% FeO+0.78% Fe2Os). 
To calculate the formula of ghassoulite 0.38% CaO was deducted to 
form with 0.30% COs, an amount of calcite equal to 0.68%. This gives 
0.16% CaO as the amount in cation-exchange sites. Using the corrected 
analysis the formula is usually computed in the following form: 


(Cy 
Na.1sK. +02 


[Mge s9Fe** o5Al, osLio.10][Sis.9sAl. o2]010(0H, F), 
Wt, = Yow 


This formula must be modified however in the light of evidence given in 
Table 7 where Mgt* is shown to be the principal cation-exchange ion. 
Using the measured cation-exchange for magnesium, one obtains the 


formula 
(eh M 
Na.isK 04 (>) +02 (=) 0.12 
t 2 2, 


[Mge.57Fe**o.o5Alo, osLio.10][Sis. 9s]. o2]010(0H, F)2 
Zoct. = 2.80 


The sum of 2.80 for the octahedrally coordinated ions is below that of 
either hectorite (2.98) or stevensite (2.86) and the charge on the structure 
is higher than in either of them. 


INTERPRETATION OF THE DATA 


In this study we have endeavoured to (1) find the relation between 
stevensite, ghassoulite, and hectorite and (2) to investigate further the 
interpretations of Brindley that stevensite is a talc-saponite interlayered 
mineral. All the methods we have used are not of the same sensitivity 
and for some techniques the results are not conclusive. It is desirable, 
therefore, to briefly summarize the results of each technique and to draw 
some conclusions from our research. 
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Differential thermal analysis studies 


The DTA studies support the conclusions that stevensite, ghassoulite, 
and hectorite are all members of the montmorillonite group. The DTA 
curves for ghassoulite and hectorite up to 900° C. are more closely related 
to one another than to stevensite. Stevensite does not show a high tem- 
perature endothermic trough in the temperature range of 885° C. to 
1061° C. where the dehydration of talc generally takes place. The ab- 
sence of the high temperature endothermic trough, characteristic of talc, 
suggests that even if non-expanded layers are present in stevensite they 
are unlike talc. % 

Ghassoulite is also unlike talc in its behavior in DTA studies. Hec- 
torite shows an endothermic trough beginning at 1053° C. extending as 
far as the record goes up to 1077° C. The significance of this trough has 
not been determined. 


X-ray studies 


The x-ray data for stevensite, ghassoulite, and hectorite reveal few 
differences between them other than the presence of a long spacing of 
about 25 A in stevensite alone. As Brindley (1955, p. 242) has pointed 
out such a spacing could be explained on the basis of interstratification of 
9.5-10 A and 14-15 A. Ethylene glycol treated oriented aggregates, how- 
ever, gave patterns of essentially the same character for all of the 
minerals. The number and perfection of the basal reflections of hectorite 
and ghassoulite were little better than those of stevensite and all failed to 
show a strictly integral sequence of basal orders. Although the air-dried 
specimens of stevensite appeared to contain a large proportion of ~10 A 
layers, less than 30% of non-expanded material would seem to be present 
in the glycol treated samples, otherwise a lower first order spacing would 
be expected. 

The a-ray diffraction data thus give somewhat ambiguous results as to 
the differences between hectorite, ghassoulite, and stevensite. 

Ghassoulite shows as little evidence of mixed layering as hectorite 
and like it exhibits no indication of ‘‘talc-like”’ layers upon collapse of the 
structure with heat treatment. 


Infrared studies 


Infrared absorption data on the untreated minerals show a distinct 
difference between stevensite and the other two minerals by the occur- 
rence of the 15y “‘talc” absorption. The increase in intensity of this peak 
on heat treatment indicates that if non-expanded portions are present in 
stevensite, this phenomenon could be associated with such portions but it 
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is also to be noted that the expanding portions are capable of producing 
this same absorption after they are collapsed by heat treatment. The 
loss of this absorption peak from the stevensite pattern but not the talc 
pattern after hot concentrated HCl treatment suggests that although the 
non-expanded portions exhibit some of the characteristics of talc, they 
are sufficiently different to be destroyed by acid treatment. 


Chemical studies 


Solution studies on talc, stevensite, and hectorite show the unstable 
nature of stevensite and hectorite in concentrated acid solutions, a char- 
acteristic of montmorillonite group minerals, whereas talc is quite re- 
sistant under these conditions. 

Cation exchange studies on stevensite, ghassoulite, and hectorite show 
that ghassoulite and hectorite are most closely allied in that they exhibit 
a much higher cation exchange capacity than stevensite. 

Chemical analyses of stevensite, ghassoulite, and hectorite show that 
ghassoulite and hectorite are more closely related to one another than 
to stevensite in that they both have significant amounts of fluorine and 
lithium. Moreover, they both contain some alumina. 

We come now to the terminology of Brindley in referring to stevensite 
as a “‘talc-saponite interlayered mineral.’”? The usage of saponite by 
Brindley to apply to a pure magnesium montmorillonite is not in agree- 
ment with established usage. Saponite was originally defined by Svan- ~ 
berg in 1840 as a hydrous silicate of magnesium and aluminum. All sub- 
sequent usage of the name has been in accord with this definition. Fur- 
ther, substitution of Al for Si in tetrahedral coordination is considered by 
Ross and Hendricks (1945, p. 47) to be a characteristic of saponite. The 
one closely allied mineral containing essentially no aluminum (0.13)% 
discussed by Ross and Hendricks was hectorite and although they group 
it with other Mg-rich trioctahedral montmorillonites they do not include 
hectoritie under the term saponite. Inasmuch as the analyses of steven- 
site and synthetic stevensite show no alumina, by established usage, no 
part of stevensite can be considered saponite. 

After the completion of this paper we received an offprint by Caillére 
and Henin (1956) on the subject of the nomenclature of saponite, aphro- 


dite, rassoulite, and stevensite in which they conclude (translated from 
the French): 


“Tt seems now advantageous to preserve two names to designate the extreme types of 
this mineral group: one corresponding to a large substitution, the other to a very small sub- 
stitution in the tetrahedral layer. In this case, one may retain respectively the end members 
saponite and stevensite.”’ 
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Genesis of ghassoulite 


It is noteworthy that all of the specimens of stevensite and hectorite 
are of hydrothermal origin. On the contrary the “earth of ghassoul” is a 
sedimentary facies found in beds between the flint horizon and the 
marly limestone horizon. This authigenic mineral formed in a sedimen- 
tary basin under conditions analogous to those described by Millot, 
Radier, and Bonifas (1957). The great mineralogical similitude of hec- 
torite and ghassoulite does not prevent their having different origins. 


CONCLUSIONS 


The results of the present research on stevensite and related minerals 
do not confirm Brindley’s concept of stevensite as a talc-saponite inter- 
layered mineral and indicate that stevensite is a type of defect structure. 
From the cation exchange studies, Faust and Murata (1953) deduced 
that a charge deficiency apparently originates in stevensite through a 
deficiency in the total number of ions in octahedral coordination. Any 
portion of the stevensite structure which has such deficiency has the at- 
tributes of montmorillonite and any portion of the structure of steven- 
site which does not have a deficiency in the octahedral layers has the 
attributes of talc. Since the deficiency in the octahedral layers of steven- 
site is so great, stevensite is a montmorillonite group mineral. A random, 
or statistically disordered, distribution of the vacant sites in the sheets of 
octahedrally coordinated atoms would give a small proportion of domains 
with few or no vacancies and which have the attributes of talc. The size 
of such domains in stevensite is not known. Our experimental data in- 
dicate that such domains in the structure of stevensite which would 
have the attributes of talc occur in units too small to scatter #-rays 
coherently. Bradley (1950) has shown that the diffraction effects ob- 
served in this study can be expected to be produced by the type of as- 
sembly proposed above. 

This concept of stevensite as a defect structure seems to fit all the ex- 
perimental data as follows: 

(1) The presence of domains with the attributes of talc in combina- 
tions with more abundant domains of stevensite could give rise to the 
weak reflection at 24.5-26.5 A (+). 

(2) The appearance of the infrared absorption peak near 14.5 microns 
in natural stevensite and its disappearance in the residue of acid treated 
stevensite. 

(3) The absence of an endothermic trough corresponding to talc in 
the stevensite DTA pattern. 

(4) The complete decomposition of stevensite in acid. 
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The alternative explanation of Brindley that stevensite is made up of 
discrete interlayers of talc in saponite could be used to explain the oc- 
currence of a weak reflection at 24.5-26.5 A but it fails to explain observa- 
tions 2, 3, and 4. 

Theoretically one could derive the defect structure of the trioctahedral 
montmorillonite stevensite by creating, in random distribution, the 
maximum number of vacancies in the octahedral sheet (brucite sheet) in 
the talc structure and still preserve a stable crystal structure. Analo- 
gously, one could derive the defect structure of the dioctahedral mont- 
morillonite by creating in random distribution the maximum number of 
vacancies in the octahedral sheet (gibbsite sheet) in the pyrophyllite 
structure. Rustum Roy and L. B. Sand (1956) have claimed the synthesis 
of this “defect pryophyllite” structure which they called pure aluminum 
montmorillonite. 

The defect structure theory proposed here is another way of deducing 
the dioctahedral and trioctahedral montmorillonite structures using as 
prototypes-tale and pyrophyllite. The original usage of talc and pyro- 
phyllite as prototypes for montmorillonites was proposed by Hofmann, 
Endell and Wilm (1933) and modified by Marshall (1935) and Hen- 
dricks (1942). This theory deduces the structure of montmorillonite from 
the structure of pyrophyllite and talc through the replacement of silicon 
in tetrahedral coordination by trivalent aluminum, or by the replacement 
of aluminum in pyrophyllite or magnesium in talc by other ions, or by a _ 
combination of both types of replacements. 

Vacant sites in the trioctahedral montmorillonite-sauconite have been 
discussed by Faust and Murata (1953). 


RELATIONSHIPS AMONGST STEVENSITE AND SOME SIMILAR 
MINERALS OR MIXTURES 


In addition to the minerals studied by us, other investigators have 
reported on related minerals, or on the synthesis of hydrous magnesium 
silicates which are discussed below in the light of our own studies. 


Syntheses of stevensite 


Strese and Hofmann (1941) were probably the first to synthesize 
stevensite. Their preparation “‘Synthetischer Magnesium montmorillonit 
33B” gives an x-ray pattern comparable with that of natural hectorite. 
Their experimental data suggest that for most of their preparations K+ 
made up most if not all of the cation exchangeable ions; in some it was 
Ca** and probably also Mg.++ 

Bowen and Tuttle (1949) in their study of the system MgO-SiO.-H.O 
attempted to synthesize the mineral sepiolite. They were apparently not 
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entirely satisfied with the identification. They based their preparation on 
the formula 2MgO-3SiO2:2H2O which differs from stevensite in having 
about 3% more silica and about 3% less water. They mention (p. 441) 
that the experimental charges lost silica by transport in the vapor phase 
and accordingly the formation of stevensite in their experiment is not un- 
expected. X-ray and DTA studies of a large sample prepared by them for 
Faust and reported on in this paper shows the charge to consist of stevens- 


ite with a very small amount of chrysotile. 


Roy and Roy (1955) accomplished the synthesis of stevensite in the 
system MgO-SiO.-H:O0 and Mumpton and Roy (1956) studied the 
stability temperature of this synthetic stevensite. 


Interstratified “‘saponite-talc” of Alietti 


Alietti (1956) described an interlayered saponite-talc mineral from 
Monte Chiaro, Italy and his chemical analysis is given in Table 1. The 
original paper contained a misprint for the value of silica of 5.31, which 
was corrected in ink to 54.31. A recalculation of this analysis yielded the 
formula 


Ca 
Na.oiK., Vereee! 
T : 
[Mgo. gs'e*T 17][Sis, 30Alo.16]010(0H)2 


which does not agree with that given by Alietti namely 


[Mege. s2Fe** 17][Sis.45Al 55]O010(0H)2 


There may be some error in the reporting of the data. 

On the basis of our calculations there is no deficiency in the octahedral 
layer (2 =3.03) and this mineral could have no stevensite layers in its 
structure. However, as we showed in the section on the formula of ghas- 
soulite, cation exchangeable magnesium must be determined on minerals 
of this kind in order to determine the actual composition of the octahedral 
layer. Until this is determined one cannot use Alietti’s chemical analysis 
to establish the presence and proportions of stevensite-type or saponite- 
type layers in the structure. An examination of Alietti’s other data does 
confirm his interpretations that the mineral he studies is a montmorillo- 
nite-type with regularly interstratified non-expanding layers, in the pro- 
portion of 1:1 as judged by his diffractometer patterns, 1b and 1c (p. 203). 


Hanusite 

Ka&par (1942) studied a hydrous magnesium silicate which he called 
hanu&ite. Hanugite occurs as yellowish-white to yellow-brown radiating 
aggregates, similar to pectolite, in the tholeiite of the Liebstadtl region 
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in the Riesengebirge. KaSpar concluded that hanuSite was the magnesium 
end member in the supposed series pectolite-walkerite. KaSpar was un- 
aware of the work by Glenn (1916), or he would have recognized that 
stevensite had already been assigned to the name of the magnesium end 
member of this supposed series. An examination of KaSpar’s data leaves 
little doubt that hanuSite is a mixture of stevensite and pectolite. Thus, 
there is no alumina in hanu&ite, it is completely decomposed by HCl, 
the dehydration curve is similar to that of montmorillonites and the 
chemical composition after subtraction of hypothetical pectolite from 
the analysis yields a composition of the right order of magnitude for 
stevensite. Using the CaO value in KaSpar’s analysis and Fig. 1 in Faust 
and Murata (1953) hanugite appears to be made up of about 88% 
stevensite and 12% pectolite. 


RECOMMENDATION 


It is recommended that the names hanuSite (=stevensite+ pectolite) 
and ghassoulite (=hectorite) be relegated to the synonomy. 


ACKNOWLEDGMENTS 


We are indebted to Drs. Paul F. Kerr, Clarence S. Ross, O. Frank 
Tuttle, and S. C. Williams for specimens used in this study. The in- 
frared studies were made by Robert G. Milkey, U. S. Geological Survey. 
The various chemical analyses and determinations were made by Joseph 
J. Fahey, Charles Milton, Dorothy Carroll, Harry C. Starkey, Joseph I. 
Dinnin, and Sarah Berthold, all of the U. S. Geological Survey, to whom 
we express our sincere thanks. The electron micrographs of synthetic 
talc were prepared by Marie L. Lindberg, U. S. Geological Survey. 


REFERENCES 


ALEXANDER, Lyte T., HENDRICKS, STERLING B., AND NeEtson, R. ANDREW (1939), 
Minerals present in soil colloids: Part II, Estimation in some representative soils; 
Soil Sci., 48, 273-279. 

AvteTTI, ANDREA (1956), Il minerale a strati misti saponite-talco di Monte Chiaro (Val di 
Taro, Appennino Emiliano): Accad. Nazionale dei Lincei, Rend. Cl. Sci. Fisiche, Math. 
e Nat. Ser. 8, 21, fasc 3-4, 201-207. 

Braviey, Wii1aM F. (1950), Interstratified growth in clay-like minerals: Trans. Internat. 
Cong. Soil Sci., Amsterdam, 1, 1-4, 425-427. 

BRINDLEY, GEORGE W. (1955), Stevensite, a montmorillonite-type mineral showing mixed- 
layer characteristics: Am. Mineral. 40, 239-247. 

Bowen, Norman L., anp Tut Le, O. FRANK (1949), The System MgO-SiO.-H20: Geol. 
Soc. Amer. Bull., 60, 439-460. 

Bower, CHartLes A., AND TRUOG, Emit (1940), Base exchange capacity determination us- 
ing colorimetric manganese method: Ind. and Eng. Chem. Anal. Ed., 12, 411-413. 

CAILLERE, SIMONNE, AND HENIN, STEPHANE (1956), Un probleme de nomenclature: Les 


RESTUDY OF STEVENSITE 369 


montmorillonites magnesiennes (saponite, aphrodite, rassoulite, et stevensite): 
Groupe frangais des Argiles, Bull., 8, 37-40. 

CLARKE, FRANK W., aND Epwarp A. SCHNEIDER (1890), Experiments upon the constitu- 
tion of natural silicates: Am. Jour. Sci., 3d ser. 303-312. 

Damovr, Aucustin ALExis (1843), Analyse de la pierre de savon de Maroc: Annales Phys. 
Chim., 8, no. 2, 316-321. 

Faust, GeorceE T., AND Murata, Kicuma J. (1953), Stevensite, redefined as a member of 
the montmorillonite group: Am. Mineral., 38, 973-987. 

FLEISCHER, MicwaEL (1943), New mineral names: Am. Mineral., 28, 544. 

(1955), New mineral names: Am. Mineral., 40, 137. 

GiENN, Mirtiapes L. (1916), A new occurrence of stevensite, a magnesium-bearing altera- 
tion product of pectolite: Am. Mineral., 1, 44-46. 

Grim, Ratpx E., AND RowLanp, Ricwarps A. (1942), Differential thermal analysis of clay 
minerals and other hydrous materials: Part 2, Am. Mineral., 27, 801-818. 

HENDRICKS, STERLING B. (1942), Lattice-structure of clay minerals and some properties 
of clays: Jour. Geol., 50, 276-290. 

Hormann, ULricu, ENDELL, Kurt, anp Wii, Diepericn (1933), Kristallstruktur und 
Quellung von Montmorillonit: Zeit. Krist., Abt. A, 86, 340-348. 

JEANETTE, ANDRE-PIERRE (1952), Argiles smectiques et Rhassoul in Geologie des Gites 
Minéraux Marocains: XX Internat. Geol. Cong. Regional Mon. Ser. 3, Maroc No. 1, 
371-382. 

KaSpar, JAN V. (1942), Hanu&it, novy nerost (HanuSite, a new mineral): Chem. Listy Védu 
Prumysl., 36, no. 6, 78-81. 

Kincery, WILLIAM D., HALDEN, FRANK A., AND KuRKJIAN, CHARLES R. (1955), Base ex- 
change capacity of talc: Jour. Phys. Chem., 59, 378-380. 

KINTER, EARL, AND DIAMOND, Smpney (1956), A new method for preparation and treat- 
ment of oriented-aggregate specimens of soil clays for x-ray diffraction analysis: Sozl 
Sci., 81, 111-120. 

MarsHALtL, CHARLES E. (1935), Layer lattices and base-exchange clays: Zeit. Krist., Abt. 
A, 91, 433-449. 

Mitxor, Grorces (1949), Djebel ghassoul in relations entre la constitution et la genése des 
roches sédimentaires argileuse: Geol. app. et prospection miniére, Nancy, 11, 199-201. 

Mittor, Grorcrs (1954), La ghassoulite, pole magnésien de la serie des Montmorillonites: 
Compt. rend. Acad. Sci., Paris, 238, 257-259. 

Mitiot, Grorces, Raprer, Henri, AND Bonrras, Marrue (1957), La sedimentation 
argileuse a attapulgite et montmorillonite: Soc. geol. France, Bull. ser. 6°, 7, 425-444. 

Moumpton, Frep A., AND Roy, Rustum (1956), The influence of ionic substitution on the 
hydrothermal stability of montmorillonids: Proc. Fourth Nat. Conf. on Clays and Clay 
Minerals., Nat. Acad. Sci.-Nat. Res. Council, Pub. 456, 337-339. 

Ross, CLARENCE S., AND HENDRICKS, STERLING B. (1945), Minerals of the montmorillonite 
group, their origin and relation to soils and clays: U.S. Geol. Survey Prof. Paper 205-B, 
p. 23-79. 

Roy, Dretta M., AND Roy, Rustum (1955), Synthesis and stability of minerals in the sys- 
tem MgO-Al,0;-SiO:-H,O: Am. Mineral., 40, 147-178. 

Roy, Rustum, AND LEONARD B. Sanp (1956), A note on some properties of synthetic mont- 
morillonites: Am. Mineral., 41, 505-509. 

Scumipt, Exras R., AND HeysteK, Henprik (1953), A saponite from Krugersdorp district, 
Trsnsvaal: Mineral. Mag., vol. 30, 201-210. 

Suaprro, LEONARD, AND BRANNOCK, WALLACE W. (1956), Rapid analysis of silicate rocks: 
U.S. Geol. Survey Bull. 1036-C, 19-56. 


370 G. T. FAUST, J. C. HATHAWAY AND G. MILLOT 


STRESE, HERBERT AND HorMaANN, Utricu (1941), Synthese von Magnesiumsilikatgelen mit 
zweidimensionalregelmassiger Struktur: Zeits. anorg. u. allg. chemie, 247, 65-95. 

SVANBERG, Lars F. (1842), Saponit och Rosit, tvennenya mineralier: K. svenska velenskaps 
akad. Handlingar., For ar 1840, 153-165. 

WEAVER, CHARLES E. (1956), The distribution and identification of mixed-layer clays in 
sedimentary rocks: Am. Mineral., vol. 41, 202-221. 

Yoprr, Hatten S., AND EvcstEr, Hans P. (1955), Synthetic and natural muscovites: 
Geochim. et Cosmochim. Acta, 8, nos 516, 225-280. 


Manuscript received July 26, 1958 


THE AMERICAN MINERALOGIST, VOL. 44, MARCH-APRIL, 1959 


MEMORIAL OF CARL FAESSLER 


P. E. AucEr, Université Laval, Québec, Canada. 


With the death of Carl Faessler in Quebec City on October 1st, 1957, 
the American Mineralogical Society lost a most distinguished member, at 
the same time the Faculty of Science of Laval University was losing the 
dean of its professors and Canada, a great citizen. 

Born on the 24th of September 1895 at Steinen in Switzerland, Carl 
Faessler received his fundamental education in the schools of Feusisberg 
and Steineberg. He obtained his Bachelor of Arts at the College Maria 
Hilf of Schwyz in 1916. In 1917 he registered at the University of Fri- 
bourg where he was especially interested in Chemistry, Botany and Min- 
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eralogy and where he obtained in 1923 a Doctorate of Science Summa 
Cum Laude. 

It was in 1923 that Dr. Faessler came to Canada to act as assistant 
professor of Chemistry and to take charge of the courses in Mineralogy 
and Geology at the newly founded Ecole de Chimie of Laval University 
in Quebec. 

In 1931, Dr. Faessler was appointed full professor, responsible for the 
teaching of Mineralogy, Crystallography and Petrography. He also gave 
courses in General Geology, Mineral Technology, and even in German. 

His capacity for working was tremendous. He had a very systematized 
mind and every minute available was used for something useful. 

Besides his teaching assignment Faessler spent a good part of his time 
and energy doing field work for the Department of Mines of the Province 
of Quebec. He was one of the first field geologists for the Province and 
his association with the Provincial Government extends from 1928 to 
1945. All those who worked with him in the field recall his untiring energy 
and his devotion to his work. His sense of discipline and order was carried 
to the most minute details, and in the most difficult stituation one could 
not hetp feeling a sense of security radiating from his strong and powerful 
personality. 

He was a leader and yet he was first and above all a teacher and pro- 
fessor. Everyone that was associated with him at the University, in the 
field or in a social gathering was fascinated by the tremendous knowl- 
edge that he had acquired through abundant reading, personal experience 
and profound philosophical thinking. 

Dr. Carl Faessler during his 34 years of active life as a geologist has 
taken part in the activities of a great number of Scientific Societies. 

All his publications cannot be listed here due to lack of space, but his 
last work should be mentioned, The Cross Index to the Geological 
illustrations of the Geological Survey and the Mines Branch; the Ontario 
Department of Mines and the Quebec Department of Mines. These are 
extensive pieces of work which took years to complete and which are con- 
sidered by everybody as a great contribution to Canadian Geology. 
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MEMORIAL OF FRANK FITCH GROUT 
GrorcE M. Scuwartz, University of Minnesota, Minneapolis, Minn. 


Frank Fitch Grout died in Minneapolis August 1, 1958. He had not 
been well for over a year, but worked in his office at the University al- 
most daily until he collapsed on July 26th. 

He was born in Rockford, Illinois January 24, 1880, the son of Charles 
Leroy and Louise Fitch Grout both originally residents of New Hamp- 
shire. He graduated from the high school course at Throop Polytechnic 
Institute, the forerunner of California Institute of Technology. He also 
started college work at Throop but finished his undergraduate work at 
the University of Minnesota where he received his B.S. degree in 1904 
with a major in chemistry. He changed to geology and received the 
Master of Science degree in 1908 and the degree of Doctor of Philosophy 
from Yale in 1917. Grout served briefly on the geological surveys of West 
Virginia and Illinois and as an instructor at the University of Oklahoma. 
He joined the staff of the geology department at the University of 
Minnesota in 1907 and held appointments continuously until his retire- 
ment as Professor Emeritus in 1948. His rise in rank was rapid and he was 
promoted to Professor in 1919. In 1906 he married May W. Browne who 
survives him. He is also survived by a daughter Jean Grout Condit and 
four grandchildren, and by a sister Mrs. Myra Christie. 

Frank Grout’s main interest and research was in the field of petrog- 
raphy and petrology but his interests were broad and his contributions 
included papers on coal, clays, iron formations and ores, mineralogy, 
chemical analysis of rocks and Precambrian stratigraphy. Undoubtedly 
his greatest love in geology was for field work in the lake country of 
northern Minnesota and adjacent areas in Ontario, where he could travel 
by canoe and portage, camping in the less accessible places where out- 
board motors usually failed to trespass. Here he enjoyed nature in the 
broad sense as well as geology, and to work with him was a privilege 
never to be forgotten. It is fitting that his ashes were spread on the waters 
of Saganaga Lake. 

Part of Grout’s great success in his professional life was due to the 
fortunate association with William H. Emmons. Professor Emmons 
came to the University of Minnesota in 1911 as Chairman of the De- 
partment of Geology and Director of the Minnesota Geological Survey 
and immediately recognized Grout’s outstanding ability. Emmons was 
busy on various consulting problems during the summer and delegated 
supervision of summer field work for the Minnesota Geological Survey 
to Grout. For a period of 35 years Grout worked on Minnesota’s geology 
and supervised the work of younger staff members of the Department of 
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Geology and graduate students. The large output of reports which re- 
sulted from the very small budget of the Minnesota Survey was, in no 
small part, due to Grout’s ability and hard work. In the field his enthu- 
siasm knew no bounds and he would return time and again to an impor- 
tant outcrop to try to pry out its secrets. He was a quiet but masterful 
teacher both in the classroom and in the field. Dozens of young geologists 
learned thorough methods of field work under his guidance. 

His reputation as a teacher is shown by the fact that in successive 
years after retirement he taught at the Universities of Florida State, 
Columbia, Arizona, and California Institute of Technology. 

In both field work and research Grout was a philosopher rather than a 
technician. He was interested in methods only to the extent necessary 
to obtain needed data. His active mind was concerned with the meaning 
of observations and their bearing on the origin of rocks and minerals. 
The writer worked with him longer and more closely than anyone and 
never ceased to be amazed at his penetrating insight into the problems 
of complex Precambrian geology. To have been his student, coworker and 
friend was a great privilege. 
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MEMORIAL OF ELBRIDGE CHURCHILL JACOBS 


Ropert K. Doren, The University of Vermont, Burlington, Vermont. 


Elbridge Churchill Jacobs, former State Geologist of Vermont and a 
member of the faculty of the University of Vermont for nearly fifty 
years, died of a cerebral hemorrhage at Burlington, Vermont on Decem- 
ber 12, 1957 at the age of 84. 

He was born at Ogunquit, Maine on February 15, 1873. He attended 
the Portsmouth, New Hampshire high school and went on to get his B.S. 
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degree from the Massachusetts Institute of Technology in 1896 and his 
M.A. degree from Columbia University in 1897. For the next two years he 
served as an assistant in the department of Mining and Metallurgy at 
M.I:T. and was then appointed an instructor in Chemistry and Min- 
eralogy at the University of Vermont in 1899. He was advanced to assist- 
ant professor in 1901 and to full professor in 1904. In 1924 he was in- 
strumental in establishing a department of Geology at the University 
and was appointed Professor of Geology and Mineralogy to head up this 
newly formed department. He became Professor emeritus in 1944, but 
continued to teach geography to the United States Air Force Detach- 
ment at the university until the end of World War II. 

He was appointed State Geologist for Vermont in 1933 and retained 
this position until he retired from it in 1946. During this period he 
published six biennial reports to which he was the principal contributor. 

The year 1933 was also noteworthy in that it marked the beginning of 
observations at the University of Vermont Seismograph Station. This 
station was established through cooperation of the University of Vermont 
and the National Research Council and came into being very largely 
through the efforts of Professor Jacobs. He was the director of the sta- 
tion from its establishment until it was dismantled in 1957. He also be- 
came curator of the mineral and geologic collections of the university in 
1933. 

During the flood control work undertaken by the U. S. Corps of 
Engineers in western Vermont in 1929 following the disasterous floods 
of 1927, he served as consulting geologist. 

Professor Jacobs’ published works deal largely with the geology and 
mineral resources of Vermont. His first paper was a study of the talc 
deposits of Vermont published in the ninth Report of the Vermont State 
Geologist in 1914 and his last, a book entitled ““The Physical Features 
of Vermont” published by the Vermont State Development Commission 
in 1950. He was particularly interested in the chemical aspects of geology, 
and a number of his papers carry original rock and mineral analyses 
made by him. In his later years, he did much field work in connection 
with the structure of the northern part of the Green Mountains; only 
part of which he was able to complete and have published. 

He was a fellow of the American Association for the Advancement of 
Science, the Geological Society of America, and the Mineralogical Society 
of America; a member of the American Association of University Pro- 
fessors, the American Geophysical Union, the Polar Society, and the 
Seismological Society of America. 


He is survived by his wife, Mrs. Jessie Louise (Chapman) Jacobs; a 
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daughter, Mrs. G. H. Klinck; and two grandsons, John and Daniel 
Klinck of Washington, D. C. 
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MEMORIAL OF ALEXANDER NEWTON WINCHELL 
R. C. Emmons, University of Wisconsin, Madison, Wisconsin. 


Alexander Newton Winchell, Emeritus Professor of geology, died in 
New Haven, Connecticut on Saturday, June 7, after a short illness. He 
was 84 years old. He was born in Minneapolis, Minnesota, on March 2, 
1874, the son of a distinguished geologist, N. H. Winchell. He received 
his B.S. degree in 1896 and his M.S. degree in 1897 from the University 
of Minnesota, and his D.Sc. from the University of Paris in 1900. 

Professor Winchell served as Professor of Mineralogy and Petrology at 
the Montana School of Mines from 1900 to 1907, and as Professor of 
Geology at the University of Wisconsin from 1907 till his retirement in 
1944. He was chairman of the Department of Geology from 1935 to 
1940. He was associated with the U. S. Geological Survey from 1901 to 
1910. After his retirement he served as Visiting Professor of Mineralogy 
at the University of Virginia 1948-49 and at Columbia University 1949- 
50. He served for three years as resident mineral consultant at the Stam- 
ford laboratory of the American Cyanamid Company. 

Professor Winchell was a fellow of the Geological Society of America, 
the Mineralogical Society of America, the Society of Economic Geol- 
ogists, the American Association for the Advancement of Science and 
the Wisconsin Academy of Science. He was councillor of the Mineralog- 
ical Society of America from 1927 to 1930 and was president in 1932. He 
was awarded the Roebling medal of the Society in 1955 for meritorious 
achievement. 

Professor Winchell was best known for his books on optical mineralogy 
which have served the science eminently for many years. The first edition 
was written jointly by him and his father, and the last, fourth, edition 
was written in collaboration with his son, Horace. These books appeared 
in three volumes,—volume 1 being devoted to optical crystallographic 
theory, volume 2 a very thorough compilation of published data on the 
optical properties of mineral materials including many charts of his own 
design on mineral properties, and volume 3, a set of exhaustive tables for 
the identification of minerals by their properties. His volumes 2 and 3 are 
unexcelled in any language in their thoroughness and value to the labora- 
tory worker. They appeared also in a Russian edition of 15,000 copies. 
Immediately prior to his death, he visited Moscow, as is required by 
Russia, in relation to the royalties on the Russian edition. 

In addition to his textbooks on optical mineralogy Professor Winchell 
compiled a text on the optical properties of artificial minerals and one on 
organic crystals. He also compiled a textbook on mineralogy. 

The major research activity of Professor Winchell is embodied in a 
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considerable list of published papers on the correlation of the optical 
properties of crystalline materials and their chemical composition. The 
graphical representation of these findings will long be a serviceable monu- 
ment to his devotion to these studies. 

During his long teaching career, Professor Winchell made many friends 
among students who will recall the thoroughness of his training and who 
recognize the role that his influence has played in their professional ac- 
complishment. His absences from the national meetings were rare and 
inevitably evoked inquiries on his welfare. 

Professor Winchell is survived by his wife, Florence S. Winchell, his 
two sisters, Mrs. A. W. Grant of St. Charles, Ill., and Mrs. B. J. Denman 
of Minneapolis, Minn., and by four of his five children—Mrs. R. E. 
Rettger of Dallas, Texas., Dr. A. V. Winchell of Rochester, N. Y., 
Mrs. R. J. Lund of Columbus, Ohio, and Professor Horace Winchell of 
New Haven, Conn. A memorial service was held at Spring Glen Con- 
gregational Church in Hamden on Tuesday, June 10. 
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MEMORIAL OF SAMUEL ZERFOSS 


A. Van VALKENBURG, National Bureau of Standards, Washington, D. C. 


Dr. Samuel Zerfoss, a Fellow of the Mineralogical Society of America 
and Chief of the National Bureau of Standards Refractories Section, 
died on December 19 from injuries received in a tragic pre-holiday 
automobile accident in Washington, D. C. The day before he and two 
colleagues were enroute to Baltimore where Dr. Zerfoss was to have been 
honored with the office of Chairman Elect of the Baltimore-Washington 
section of the American Ceramic Society. Moments after leaving the 
Bureau of Standards an irresponsible driver raced through a stop sign 
and crashed into the official car containing Dr. Zerfoss and his associates. 

Dr. Zerfoss was born on November 1, 1912, at Hummelstown, a small 
community located in the hills of Pennsylvania. The rocks, the minerals 
and the ores of the nearby hills undoubtedly did much to influence his 
interests in the earth sciences. In 1930 he began his formal education at 
the School of Chemistry and Mineral Industries at the Pennsylvania 
State College. Here he received a Bachelor’s degree in chemistry in 1934 
and a Master’s degree in 1936. His potential as a research worker and as 
a teacher was early recognized by the university and he was invited to 
become a member of the staff. From 1937 to 1947 he held the Bethlehem 
Steel Fellowship doing research on refractories, slags, high temperature 
mineralogy, and chemistry. A Doctor’s degree in ceramics was awarded . 
him in 1941. Dr. Zerfoss was made an Associate Professor of Ceramics in 
1942, teaching both graduate and undergraduate courses. In addition to 
his work with students, this was a period highly productive in personal 
research. His contributions ranged over the areas of microscopy, phase 
equilibria, chemical analysis, mineralogy, and metallurgical inversions. 
In addition to six major publications, he supervised an industrial fellow- 
ship and was involved in numerous problems concerned with stimulating 
industries utilizing Pennsylvania natural resources. 

In 1947 Dr. Zerfoss accepted a position with the Naval Research 
Laboratory in Washington, D. C., to head a program of fundamental 
research on a wide variety of materials preparation including crystals, 
glasses, and ceramics needed for both defense and commercial peace- 
time uses. It was during this period that he established for himself, his 
colleagues, and the laboratory an international reputation for materials 
research, especially in the field of crystal growth. His publications on the 
fundamentals of crystal growth are classic to this day. 

In April 1955 Dr. Zerfoss joined the staff of the Mineral Products 
Division of the National Bureau of Standards. Four months later he was 
appointed Chief of the Refractories Section, where he directed a program 
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of fundamental research on the properties of materials at high tempera- 
tures. His reputation in this field grew with each passing year, and in 
1956 he was appointed a U. S. member of the International Union of 
Pure and Applied Chemistry, and a member of the High Temperature 
Committee of this group. Dr. Zerfoss contributed his time and his talent 
to several scientific organizations. He was a Fellow of The American 
Ceramic Society and The Mineralogical Society of America. He held 
membership in The American Chemical Society, The Geological Society 
of Washington, The Washington Academy of Science, The Chemical 
Society of Washington, The Geochemical Society, The Societe Chemique 
de France, Sigma Xi, and Sigma Pi Sigma. 

In personal life Dr. Zerfoss was known to all his friends as Sam. He 
was modest in his approach to others, humble in his evaluation of him- 
self, and generous to those who needed advice or help. Sam, a bachelor, 
was an avid collector of books, magazines, records, minerals and, most 
important to him, friends. He took great delight in entertaining at his 
new home that he recently bought. A dinner, complete with all the 
trimmings, prepared and served by Sam was a topic for continued con- 
versation. He was a member of several groups outside the scientific com- 
munity; to mention a few, The Washington Opera Society, The Museum 
of Modern Art, The Theater Guild, and The Metropolitan Opera Guild. 

Dr. Zerfoss is survived by a sister, Martha, of Philadelphia, and two 
brothers, George Zerfoss, a Nevada mining engineer, and Commander . 
Allen Zerfoss, U.S.N., San Pedro, California. 
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PRESENTATION OF THE ROEBLING MEDAL 
TO MARTIN J. BUERGER 


CLIFFORD FRONDEL, Harvard University, Cambridge, Massachusetts. 


Mr. President, Fellows and Members of The Mineralogical Society of 
America, and Guests: It is a pleasure to introduce Martin J. Buerger as 
Roebling Medalist. This award, the highest honor that our Society can 
bestow, is now given for the first time to an American structural crystal- 
lographer. 

The development of structural crystallography through «-ray and 
other techniques has brought fundamental advances in our understand- 
ing of minerals and in our methods of dealing with them. W. L. Bragg, a 
pioneer in structure analysis, received the Roebling Medal in 1948. Paul 
Niggl, who worked in cognate fields, as they were relevant to his main 
interests in petrology and mineralogy, was awarded the Roebling Medal 
in 1947. 

Buerger has worked broadly in this field. His main interest has been the 
application of structural data and of crystallochemical principles derived 
from structural studies to the interpretation of genetic problems in 
mineralogy and geology. Yet interpretations stem from experimental ob- 
servations, and are tested by them. It is from this realization that the 
great bulk of his work has been concerned with instrumentation, par- 
ticularly the Weissenberg and precession methods of single-crystal 
goniometry and powder photography by film methods, with crystallo- 
graphic theory and the methods whereby the structure of a crystal is 
derived from the observed diffraction effects, and with the description by 
these means of the crystal structure of numerous substances. 

Buerger’s penetrating interests in the thermodynamics and structural 
control of polymorphism, in disorder and exsolution, and in thermo- 
structural phenomena in petrology and geochemistry are indicated in the 
notable Presidential Address that he gave at the Ottawa meeting of our 
Society in 1947. In this Address I recall the thematic statement ‘“Tem- 
perature endows a mineral with energy beyond that of its static crystal 
structure.” A forthright and clearspoken person, not averse to rigor in 
any of its forms, Buerger sometimes has endowed people with tempera- 
ture. His past laboratory assistants include charred examples—yet with- 
out exception their feelings became transmuted with time to affection. 

Exacting thoroughness in preparation and demonstration, often com- 
bined with originality of method, is a characteristic of the man. His book 
“X-Ray Crystallography” treating chiefly of the Weissenberg method 
and his recent ‘Elementary Crystallography” are typical examples. 

M. J. Buerger was born in Detroit in 1903. His undergraduate and 
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graduate college work was done at the Massachusetts Institute of Tech- 
nology. He was appointed Assistant Professor at Tech in 1929, and be- 
came Professor of Mineralogy and Crystallography in 1944. Appointed 
Institute Professor in 1956, he is now Director of the School for Advanced 
Study. 

A Fellow of the American Academy of Arts and Sciences, and a mem- 
ber of the National Academy of Science, he is a member of numerous 
other scientific groups including the Academies of Science of Torino and 
of Brazil. He founded the Crystallographic Society of America, that 
later merged with the American Society for X-Ray and Electron Diffrac- 
tion, and was President of the latter organization in 1939. He has served 
the International Union of Crystallography both as a Council member 
and as a member of the U. S. National Committee. Our delegate to the 
organization meeting of the International Mineralogical Association, in 
Madrid last April, he performed his duties in exemplary fashion, partici- 
pated in Spanish cultural activities and, in the always welcome discus- 
sion of the distribution of offices between countries, poured cement on 
Anglo-American relations. He is a co-editor of the Zeitschrift fiir Kristal- 
lographie, and a co-editor of the International Tables for X-Ray Crystal- 
lography. In 1951 Professor Buerger was awarded the Day Medal of the 
Geological Society of America for the ‘‘distinguished application of phys- 
ics and chemistry to geology.” He has long served our Society; he has 
given direction and impetus to Mineralogical Science. Mr. President, it 
is an honor to present Martin Julian Buerger for the award of the Roeb- — 
ling Medal of the Mineralogical Society of America. 
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Cambridge, Massachusetts. 


Mr. President, Professor Frondel, Fellows, Members and Guests of The 
Mineralogical Society of America: 

The award of the Roebling medal is a great honor, and I accept it with 
great pride, for this is my own professional society. There are few satis- 
factions in life which compare with recognition in one’s chosen field. At 
the same time, I wish to express my feeling of humility, for gathered in 
this room are many mineralogists who put my own knowledge of miner- 
alogy to shame. 

I thought that you might be interested in a sketch of the changing 
complexion of mineralogy as I have observed it. I became a graduate 
student in geology in 1925, and attended my first meeting of this society 
when it met in Cambridge in 1932. As I joined this group we argued about 
the relative importance of crystal habit and internal structure. We con- 
tinued the discussion at later meetings. It was a sign of the times. Miner- 
alogy was just beginning to change from a descriptive science to the first 
science to recognize what is now popularly called the solid state. From 
about that period, detailed descriptions of crystal habit began to give 
way to another kind of description—that of internal arrangement of 
atoms. This in itself was simply a change from one descriptive science to 
another, brought about by a change of tool. But the new description of 
minerals brought with it the power to explain their properties and occur- 
rence, and soon there was a clearer understanding of such things as crys- 
tal growth and habit, twinning, plastic deformation, phase transforma- 
tions, reaction series, and other features of minerals which had been 
known but not really woven into a science. I was fortunate enough to be 
one of the youngsters who were on the scene as this development took 
place, and it was fun taking part in it. There is still a lot to be done, and 
still a lot of fun to be had. 

The importance of crystal structure not only in mineralogy but in 
chemistry, physics, and metallurgy, made the working out of the ar- 
rangements of atoms in crystals a very important matter during this pe- 
riod. This was something of an art, until what is now known as the phase 
problem of x-ray crystallography was appreciated and formulated. Dozens 
of us became involved in attempts to solve this problem. While a true 
general solution of the problem has not been achieved, the general nature 
of its restrictions is now pretty clear, and it can be said that most, if not 
all, mineral crystal structures can be solved within its restrictions. It is 
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surprising how many mineral structures are now known, and certainly 
the science of mineralogy is in a position to advance by taking advantage 
of the known structuresof minerals. I am sure our next great advances will 
come along theoretical lines, and will include, among other things, a sutf- 
ficient understanding of the relations of phase diagrams to the structures 
involved such that at least some phase diagrams can be predicted. We 
are also on the brink of studying the mineralogy of high pressures, that 
is, the mineralogy of the deep crust. In another field, we can expect a 
more thorough understanding of the significance of crystal habit in 
mineral paragenesis. I hope that I may still participate in the develop- 
ment of some of these inviting subjects. 

Returning to the Roebling medal which you have so kindly bestowed 
upon me, I would like to reiterate how much I value this honor, for it 
signifies that some of the things which I thought interesting enough to 
study and to write about, you also thought interesting enough to read 
about. To a scientist there is no more sincere compliment than to 
indicate that there is something interesting in what he has done. I 
deeply appreciate this compliment and will always value this splendid 
token of it. 
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PRESENTATION OF THE 1958 MINERALOGICAL SOCIETY 
OF AMERICA AWARD TO CHARLES EDWARD WEAVER 


Ricuarps A. RowLanb, Shell Development Company, Houston, Texas. 


Mr. President, Fellows, and Members of The Mineralogical Society of 
America, and Guests: It is a double pleasure to have the privilege of pre- 
senting to you my friend and colleague, Dr. Charles Edward Weaver, as 
the recipient of the seventh annual award of the Mineralogical Society of 
America, because he is a clay mineralogist and is associated with an 
industrial research laboratory. In the past decade there has been a rapid 
awakening throughout the industry, and especially the petroleum indus- 
try, to the valuable contribution which mineralogists are able to make in 
industrial research. To the individual mineralogist undertaking a career 
in industrial research the problem has been twofold; first to solve a scien- 
tific problem and second to sell the solution by showing its actual appli- 
cation and usefulness. It is therefore, most gratifying that the recipient 
of this year’s award has been able to fulfill both of these requirements 
and in so doing to make scientific contributions worthy of recognition 
by our Society. 

A graduate of the Pennsylvania State University, whose young 
Ph. D’s are as well known for their aggressive attitude as their superb 
scientific training, Chuck Weaver joined the Exploration and Produc- 
tion Research laboratory of the Shell Development Company during a 
period of expansion to work on a specific operational problem. Until then 
clay mineralogists spoke of kaolinite, illite and montmorillonite. Soon ~ 
we all knew about K-bentonite, 2-1, 4-1, 7-3, and other mixed layers. 
These are pretty good odds. 

Because so little was known about the distribution of clay-minerals in 
sedimentary basins, an immense data gathering program was first neces- 
sary. This involved the use of x-ray diffraction and other determinative 
techniques on more than 20,000 samples. With his quick perception, 
hard work, and crusader’s spirit, it was not long before the clay mineral 
literature in the form of company reports had more than quadrupled. 
Stock rose fifty per cent and oil reserves reached an all-time high. I am 
not certain that Chuck was responsible for all of this, but I know that 
for a while he wrote about every third company report. And this while, 
by his own admission, he was learning to write the English language, an 
art for the teaching of which there is not time at his alma mater. Because 
of an enlightened and sympathetic management, much of the best and 
most fundamental of Dr. Weaver’s work was soon made available for 
publication in scientific journals. 

President Goodspeed, it is a pleasure to present Dr. Charles Edward 
Weaver, as the recipient of the seventh annual award of the Mineralogi- 
cal Society of America. 
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ACCEPTANCE. OF THE 1958 MINERALOGICAL 
SOCIETY OF AMERICA AWARD 


CHARLES E. WEAVER, Shell Development Company, Houston, Texas. 


Mr. President, Fellows, and Members of the Mineralogical Society of 
America and Guests: As a scientist in industry I am especially grateful to 
the Society for extending this recognition to me, for in doing so you are 
recognizing the increasingly important contributions being made by 
mineralogists associated with industrial research organizations. Such 
contributions are possible because many large companies such as Shell 
Oil Company have acquired a conscience which is based both on a faith 
in the ultimate utilitarian value of any basic research and a feeling of 
responsibility to the country and to mankind. 

In 1938 only 66 of the members and fellows of the Mineralogical 
Society worked in industry. At the present time this number has in- 
creased to 322. Only 10 years ago there were few if any w-ray diffraction 
units in petroleum geology research laboratories, yet today I do not 
think there are any in the United States without at least one and some 
have as many as a dozen. 

The field of sedimentary geology was stimulated and enjoyed its great- 
est period of growth after it was accepted by the petroleum industry. 
Mineralogy and geochemistry, while accepted in principle, have yet to 
prove they can supply answers for practical application. The petroleum 
industry is eager and anxious to see this proven. In the 1957 AAPG 
Research Committee’s article entitled ‘“‘Research Needs in Petroleum 
Geology,” of the 79 research problems listed at least 61 required the 
study of either or both mineralogy and geochemistry. 

However, if we are going to take advantage of this opportunity it is 
essential that we become geologists, for the more geology we know the 
more mineralogy and geochemistry we will understand. Unfortunately, 
particularly in the field of sedimentary geology, the mineralogist-geo- 
chemist is often considered to work in a field remote from geology and 
to be incapable of determining the geologic significance of his own data. 
This is primarily the fault of the mineralogist-geochemist; too frequent- 
ly little effort is made to understand the geologic history of the material 
being studied and only a limited effort is made to develop the geological 
significance of the data. 

We are losing an immense amount of information and many, many 
badly needed ideas because we do not make enough effort to thoroughly 
understand the determining background of our data. In many cases the 
geologists have learned how to use mineralogy and geochemistry more 
effectively than the mineralogist and geochemist have learned how to 
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use geology. Perhaps we should call ourselves geomineralogists and thus 
make a greater effort to put some geology into mineralogy. 

My personal feelings are that eventually we will be able to demon- 
strate that clay minerals and trace elements are more subtle environ- 
mental indicators than are fossils; such problems as diagenesis and the 
origin and migration of oil will be solved by combined clay mineral and 
geochemical studies; and that clay minerals and trace elements will 
develop into a major tool for finding stratigraphic traps. I believe we will 
see the time when most of the oil being found will be found by using 
mineralogical and geochemical data. 

In conclusion, I wish to acknowledge the stimulating training I 
received at Pennsylvania State University from Drs. T. F. Bates, E. F. 
Osborn, and J. C. Griffiths, and in particular the inspirational teaching 
of Dr. P. D. Krynine, who first aroused my interest in the earth sciences. 
I owe a considerable debt to Dr. W. F. Bradley for the interest and advice 
he has willingly given me for the past ten years. Shell Oil Company and 
Shell Development Company have unhesitatingly provided me with a 
unique opportunity to pursue my field of study. A great many from 
Shell, but particularly Dr. R. A. Rowland, have provided the impetus 
and stimulation which have helped make mv research such a consuming 
challenge 
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PROCEEDINGS OF THE THIRTY-NINTH ANNUAL MEETING 
OF THE MINERALOGICAL SOCIETY OF AMERICA 
MISS ES LOUIS: MISSOURI 


C. S. Hurvzvt, Jr., Secretary. 


The thirty-ninth meeting of the Society was held on November 6-8, 1958 at the 
Sheraton Jefferson Hotel, St. Louis, Missouri. A total of twenty-nine scientific sessions were 
held by the Geological Society of America and the affiliated Societies. Of these four were de- 
voted to geochemistry, two to mineralogy and two to petrology, at which ninety-eight 
papers were presented. These represented over one-third of the total number of papers 
presented at the combined meetings. 

The annual luncheon of the Society on November 7 was attended by 212 fellows, mem- 
bers and guests. Following the luncheon the sixteenth presentation of the Roebling Medal 
was made to Martin J. Buerger and the seventh presentation of the Mineralogical Society 
of America Award was made to Charles E. Weaver. 

The Retiring President, George E. Goodspeed, addressed the Society on the afternoon 
of November 7. His subject was Some Textural Features of Magmatic and Metasomatic 
Rocks. The annual business meeting was held at 4:45 on the afternoon of November 7, at 
which brief reports were given by the Secretary, Treasurer and Editor. Professor M. J. 
Buerger gave an account of the organizational meeting of the International Mineralogical 
Association held in Madrid in April 1958. 


Councit ACTION 
The 1958 Council of the Society met on the afternoon and evening of November 5 
and on the afternoon of November 6 for a total of eleven hours. Twenty-six items of 
business were discussed. 


Joint meeting with G.S.A. Council. For one hour on November 5 the Council met with the 
Council of the Geological Society of America to discuss problems of mutual interest. 
G.S.A. President Moore pointed out that their Council had called for a reduction in grants 
to associated Societies. A 10 per cent reduction had been suggested but no reduction 
would be made during the current year. However, M.S.A. may well look forward to dimin- 
ishing grants. For the past few years G.S.A. has given M.S.A. $8,000 a year to help pay 
the cost of the American Mineralogist. 


Careers in Mineralogy. At the request of the 1957 Council, Dr. Charles Milton prepared 
a pamphlet on Careers in Mineralogy which was accepted by the Council. This pamphlet 
will be distributed by the American Geological Institute. 


Articles for the Amateur. Since a considerable proportion of the membership of the Society 
is made up of nonprofessional mineralogists, it was proposed that occasional papers of 
popular appeal be printed in the American Mineralogist. The Council appointed Professor 
Richard H. Jahns to arrange for the preparation of such articles. 


The 1959 Council met for three hours on November 8 and discussed the following 


items of business: 


Treasurer. Ear] Ingerson tendered his resignation as Treasurer of the Society effective 
November 15, 1958. This action resulted from his recent move from the U. S. Geological 
Survey in Washington to a post at the University of Texas. Dr. Ingerson has for the past 
eighteen years served the Society faithfully and well as its Treasurer. We all owe him a 
great debt of gratitude for his loyal and devoted service. 
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The Council appointed Miss Marjorie Hooker to fill the office of Treasurer until the 
next annual meeting in November 1959. 


International Mineralogical Association. The Council voted that $120.00 be paid during 
1959 as the Society’s dues to the International Mineralogical Association. 


Honorary Fellows. Because the recent revision of the Constitution eliminated the category 
of Correspondents, the Council voted that the three remaining Correspondents be made 
Honorary Fellows. These are: 


Pentii Eskola IS spencer Cc. EB. Tilley 
The Council also voted to make H. J. Buttgenbach of Belgium a Honorary Fellow. 


Committee Appointments. President Grim made various committee appointments which 
were approved by the Council and are printed below. 


1959 COMMITTEES OF THE MINERALOGICAL SOCIETY OF AMERICA 


Nominating Committee for Fellows R. R. Franco 
W. R. Foster, Chairman 1957-59 W.K. Gummer 
S. E. Clabaugh 1957-59 R. A. Hoppin — 
C. O. Hutton 1958-60 H. S. Hill 
A. L. Anderson 1958-60 W. D. Johnston, [pre 
J. L. Kulp 1959-61 A. A. Levinson 
E. N. Cameron 1959-61 R. Rowland 
Roebling Medal Committee Nominating Committee for Officers 
B. Mason, Chairman W. F. Bradley, Chairman 
M. J. Buerger GuG Kennedy 
J. R. Goldsmith E. W. Roedder 
H. F. McMurdie C. E. Weaver 
A. Pabst H. Winchell 


F. E. Wickman MSA Award Committee 


Program Committee E. W. Nuffield, Chairman 
H. W. Fairbairn 1957-59 J. W. Earley 
H. T. Evans 1957-59 A. F. Hagner 
O. R. Grawe 1958-60 E. W. Heinrich 
F. H. Stewart 
Nomenclature Committee Onbebuttle 
C. Milton, Chairman 1957-59 - : : : 
H. Winchell 1957-59 Financial Advisory Committee 
C. S. Hurlbut 1958-60 E. P. Henderson, Chairman 1959-61 
M. Fleischer 1958-60 S. S. Goldich 1959-60 
J. V. Smith 1959-61 A. Montgomery 1957-59 
C. Tunell 1959-61 


Board of Associated Editors 
Membership Committee 


J. Murdoch 1957-59 
D. J. Fisher, Chairman R. M. Garrels 1957-59 
P. B. Barton D. J. Fisher 1958-60 
H. Bannerman G. Faust 1958-60 
C. W. Chesterman G. W. Brindley 1959-61 


G. E. Ericksen A. Pabst 1959-61 
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Auditing Committee Policy Committee 
M. E. Mrose, Chairman J. Murdoch, Chairman 
G. Kullerud S. S. Goldich 
E. W. Roedder E. W. Nuffield 
Mineralogical Abstracts x rene 
. Milton 
L. G. Berry, Chairman M. Hooker, ex officio 


Other members to be added by chairman. 


Representatives 


A.A.A.S. C. Tolman 1957-1959 
American Geological Institute 

Board of Directors C. Frondel 1958-1959 

J. D. Barksdale 1959-1960 

R. M. Grogan 1960-1961 

Government Relations Committee 125 18, Ise 1957-1959 

National Research Council W. F. Bradley 1959-1961 


International Mineralogical Association 
Delegates C. Frondel (voting delegate) 
MERE Buerger| 
E. Ingerson ies 
T.S. Lovering 
Members of Commissions 


Abstracts H. Winchell 
Data G. T. Faust 
New Minerals D. McConnell 
Museums G. Switzer 


REPORT OF THE SECRETARY 
To the Council of the Mineralogical Society of America. 


ELECTION OF OFFICERS AND FELLOWS 


Six hundred and seventy-three ballots were cast in the election of officers, 184 by fellows 
and 503 by members. In addition 26 were irregular and are not included. The officers 
elected to serve in 1959 are: 


President: Ralph E. Grim, University of Illinois, Urbana, Illinois. 

Vice-President: Joseph Murdoch, University of California at Los Angeles, Los Angeles, 
California 

Secretary: C. S. Hurlbut, Jr., Harvard University, Cambridge, Massachusetts. 

Treasurer: Ear] Ingerson, U. S. Geological Survey, Washington, D. C. 

Editor: Lewis S. Ramsdell, University of Michigan, Ann Arbor, Michigan. 

Councilors: (1959-1961) Edward W. Nuffield, University of Toronto, Toronto, Canada. 

Wilfrid R. Foster, Ohio State University, Columbus, Ohio. 

According to the provisions of the Constitution, the following have been elected to fel- 

lowship: 
Philip Hauge Abelson, Geophysical Laboratory, Washington, D. C. 
Henry N. Baumann, Jr., 1275 Wyoming Avenue, Niagara Falls, New York. 
Margaret Fuller Boos, 2036 South Columbine, Denver, Colorado. 
Joan Robinson Clark, 3 Pook’s Hill Road, Bethesda, Maryland. 
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Theodor Ernst, University of Erlangen, Schlossgarten, Germany. 

Sydney A. Forman, Chemical Division, Dept. of Agriculture, Ottawa, Ontario. 

Albert Ronald Graham, 73 Greenland Road, Don Mills P.O., Ontario, Canada. 

Claude Jean Guy Guillemin, 6 rue Pierre Bourdan, Paris 12e, France. 

Djalma Guimaraes, Rua Goncalves Dias, 3182, Belo Horizonte, Minas Gerais, Brazil. 

Gunnar Kullerud, Geophysical Laboratory, Washington, D. C. 

Jan Kutina, Dept. of Geochemistry, Charles University, Albertov 6, Prague JAE, 
Czechoslovakia. 

Alfred A. Levinson, Central Laboratory, The Dow Chemical Co., Freeport, Texas. 

Ivan Herbert Milne, 832 Twelfth St., Oakmont, Pennsylvania. 

Herbert O’Daniel, Mineralogisches Institut der Universitat, Senckenberg Anlage 30, 
Frankfurt, Germany. 

Robert George Schmidt, U. S. Geological Survey, Washington, D. C. 

Ming Shan Sun, Box 26, Campus Station, Socorro, New Mexico. 

Karl Hans Wedepohl, Mineralogisch Institut der Universitat, Géttingen, Germany. 

Kenzo Yagi, Institute of Earth Sciences, Tohoku University, Tomizawa, Sendai, Japan. 


Revision of the Constitution 


The following question appeared on the ballot sent to members and fellows in September 
1958, “Shall the changes in the Constitution and By-Laws as printed in the American 
Mineralogist 43: pp. 611-614, 1958 be accepted?”’ Of the 617 fellows and members voting 
on this question, there were 585 affirmative votes and 32 negative votes. 


MEMBERSHIP STATISTICS 
November 1, 1958 


1957 1958 Gain Loss 
Correspondents tase eer 3 3 0 0 
Bellow Sa a. roars ene es 356 360 18 14 
Meni berSia mcrae tea eee 1,075 ASS 193 83 
SUDSCEIDECLS aa ene Eee 1,041 1,195 236 82 


The above figures show a net gain of 4 fellows, 110 members and 154 subscribers 
Considering the four groups together, there is a gain of 268 giving a total of 2743. 

During 1958, the Society lost through death seven fellows: G. H. Anderson, New York, 
N. Y.; Oliver Bowles, Washington, D. C.; Carl Faessler, Quebec, Canada; F. F. Grout, 
Minneapolis, Minnesota; E. C. Jacobs, Burlington, Vermont; M. H. Stow, Lexington, 
Virginia; A. W. Winchell, Hamden, Connecticut. 

Respectfully submitted, 
C. S. Huriput, Jr., Secretary 


REPORT OF THE TREASURER FOR 1958 


To the Council of the Mineralogical Society of America: 


Your Treasurer submits herewith his report for the fiscal year beginning August 1, 
1957, and ending July 31, 1958. 
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RECEIPTS 
Dues and subscriptions...... 
Sale of back numbers 


Geological Society of America aid for printing the Journal 
Advertising 


N.S.F. grant for printing the Index to vols. 31-40 
Harvard University grant toward printing Harvard issue 
Salles Oissecuinitics warere herr yall. Wetec ute a 


DISBURSEMENTS 


Printing and distribution of the Journal (6 issues)...................-. 
Lamiinerandrcistributlonnomnepuintsne ss yuan eters) es re. eee 
Honoraniasto Editorsoecretany and Mreasurer.. 02. ... 4-24 40c2+--- 505: 
Olen Calla ssistai COmmem ee Utter ere Meare yee Sees sie aes ofan sc eee 
Hetcinuin pean estat On Clay aean a ween ee saeco aden ies Sari a tue cars 
HEOSLATINAN CRA DS UTACLS ANOS) tarecuect at ces @ cali tis ds 4 « scedqure ves © Race SoM 
|POSIAS CHING Coq OURSSy ta a. Sete yee ever crew ae neat ea eH Mone Para tere 
men sessoleoicerseioelO ov MeCN Pia 6 scanned ke ae 
PN OWESE CULIUICCHOUNG ASC na eet ny acs he hace area Nee ain eeda es svete. c) Atha as Mieke 
OGHAICSIOMEOMEMe WASECUTILICS Wea 1 ren aay sian vate aioe yeas eyes 
Wea OMBU CW ESE CULILICS MER Mn aan Men. cease ote wen Wt n ca Seto seee Saye wa 
NCS Savoy OWES 5 cra nchesyesPAes ee con ee eRe Beeee aise are eer ce AO eg dee ee eeseer age 
SAUCE CIADOSIE lores ss ale eo BS 8 Seis INE eae ORO aeons anrs ote ee 
RCHUITC STOMSUDS GULP ULOUS Meee ett RAE. EARNS eae Mas so, Sousa seayrsesny, cele 
McLephoneraucuteheCLam Gane y it. 4 ost ee io ace yrtaaas Statarebeshens 
CINTA: Org OTENG Ss 9 iG tre epson once ene ee scan aR = tn OF Ce DENG on 
'Reoloubinmre WMIaCk GIOE ZO 5 a eescarasepseonw ake eee cei eam nen Ate CLAN urea cen nieaors 
Mineralogical Socieuy ot America Award a: --2c uuu sss css vee oases 
Contcbutiom toeAmerican Geological Institutes <7. 4..5-- 2 2-60: sass: 
ContmibutonutomVineralogicall Abstracts.) 05 120. cem ers. eo nae ae 
Contribution to International Mineralogical Assoc............--+-+.++-: 
|Prebafenge dhinokse, Sale, CHIH. Gk arn ao outa cin olale anemia ethos pews ciao cig Gee 
IRceiivanal HOMINIESHIPS ier Mba vceeacholes oye cead ts socks Saas yetee obo aeeantad co agree 
ienuinGnoldividendsom Stocks Solder. se seem crys «2 eta ceili = 
‘Pintaltiranyes oMelaey WOM nD KO 5 a dab odo oo Ree ay as bow eo o alo othcis Okan igi aa ate 
(CHiOS SASH 5 oda beara ogre ths BB dead Ore OO Gre Be Seo nga yore 
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$13,756.85 
2 TIS TT 
3,759.06 


1,531.53 


$45,159.04 


$19 , 801.06 
3,213.07 
1,250.00 


$43 559.90 
1,599.14 


$45,159.04 
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The endowment funds of the Society as of July 31, 1958, consist of the following securi- 


ties: 
Bonps 
GMAtlantic Coaste liner ds merece eer ete eee ere tS Sp Zal ol) 
IME INGiie Naordie OOrtiel, Donccccacousoedannuas amano seo8 4,300.00 
SIV) Southermelalliwial yay Orrewetes eee Senet ieee eee ee HAO NS 
PREFERRED STOCKS 
S00 MWmion Paciicra nas on teks ane oar eee $ 4,570.25 
200}Southern Californias disony Ars ores een ener ere 5,250.00 
T5OPennsMexas; 1602 See. ce ee cee ae eee 4,487.50 
(50) Ike eine Weybredaillinn, IN Dinka powandescobcoct os ouy vos 4,987.50 
551 United States: Steel* Je acer ae cee eee ee eee 6,946.20 
SOMircimiayblectricrand’Power on peer eee 5,942.50 
AQHRotomaG Hlectnicn Row eise2:4 4 teen eee ee 2,000 .00 
10" Consolidatedsbdison oj. eee ee cree ee 1,066.64 


S46 Rotomac Electric ROwelaaet eee eee $ 4,966.73 
2A SAColumb1a Gas er. a eee eee eee 3,436.25 
2V0iGrey hounds Corporation eee ee 2,300.00 
L/SiastandardiOilvolNewalerseyan.et ae aera eee 1,761.65 
15Oi}Consolidated#Denisonae paras a een eee 3,096.00 
1O0mBuckeyerSteelia tr ee ore ee eee ee 3,800.00 
100 Columbus and Southern Ohio Electric................ 2,087.50 
100;DianatStoresta. keen ere ee eee ee re 1,250.00 
MCD Lemteeeh orn erent navel WAVE Wiha. , sco non ecaccnncoase 2,787.50 
LOORRI yamoute Coxdaic ener pense nee rar eee ee 4,750.00 
1OO;S outhernm Natura Ih Caceres eee ere 3,600.00 
Si Kroger Company cekin Serhan eee eee ene 2,034.03 
83 American ‘Telephone and Telegraph’. 9..5.........555. 11,255.98 
OO United Tr ultcaa vere errcke sora a ee ae ae ee 3,067.50 
SOeBostonelnsurancemncr ee we aoe ree ee ne ae 1,500.00 
S0KChesapeakecand | Ohioneers aera eee eee 2,368.75 
502P helps I) od gesi ee er be aes a ee 1,975.00 
SU Public senvicesMlectnicande Gach ees nnn 1,586.40 
SONSinclait: Olle, cee ae Meee OPC kane 2,968.75 
D0 Spencer dello go aca cee tne eee ere 1,258.33 
SOMUNS. (Pla yannou Carica rrr eee eee eae 2,411.25 


$ 15,301.25 


$ 35,250.59 


$ 64,261.62 


$114,813.46 


Respectfully submitted, 
Earv INGERSON, Treasurer 
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REPORT OF THE AUDITING COMMITTEE 
To the President of the Mineralogical Society of America: 


The Auditing Committee has examined and verified the accounts of the Treasurer of 
the Mineralogical Society of America for the fiscal year beginning August 1, 1957, and 
ending July 31, 1958. The securities listed in the Treasurer’s report, with all future coupons 
on the coupon bonds attached, are in the safety deposit box at the 17th and G Street 
Branch of the Riggs National Bank in Washington, D. C. 

Respectfully submitted, 
Francis R. Boyp, Jr. 
Mary E. Mrosre 
WitiiAM T. PEcoRA, Chairman 


REPORT OF THE EDITOR FOR 1958 


The 1958 volume of The American Mineralogist contained 1247 pages, as compared 
with 940 and 974 for 1957 and 1956 respectively. This is an increase of about 30+. The 111 
articles printed were received from 192 authors. A wide geographic distribution is shown 
by the fact that these authors represented 20 universities, 11 governmental agencies and 
4 industrial laboratories in the United States, and 16 universities and 3 government agen- 
cies from outside the United States. This gives a total of 54 institutions, which is an increase 
of nearly 50% over 1957. 

In spite of the increase in size, the backlog of manuscripts on hand is larger than that 
of a year ago, so continued larger issues will be necessary in 1959. 

Five new minerals were described in detail for the first time in Volume 43. There were 
25 book reviews. The section on New Mineral Names, New Data and Discredited Minerals, 
so ably conducted by Dr. M. Fleischer, contains 79 entries. This is an essential and valuable 
section, and we owe a great deal to Dr. Fleischer for this service. 

As in former years, the Geological Society of America has continued its liberal financial 
support toward the cost of printing the Journal, and we are grateful for this assistance. 

The quality of the Journal depends in large part upon the advice of the associate editors 
and others who read the manuscripts submitted for publication. The fields covered by 
our Journal are so varied that it is important that we use a wide range of talent from our 
memberships. The editor wishes to thank the Associate Editors, Drs. C. L. Christ, E. Wm. 
Heinrich, Robert Garrels, Joseph Murdoch, George T. Faust and D. Jerome Fisher, and 
likewise the following who have aided in reading manuscripts: Drs. W. F. Bradley, G. W. 
Brindley, R. M. Denning, H. T. Evans, Jr., A. Pabst, J. P. Smith and H. Winchell. The 
editor also wishes to express his appreciation to the George Banta Company Inc., pub- 
lisher of our Journal. The excellent appearance of the Journal, and the fine cooperation 
received are deeply appreciated. 

A summary of the contents of Vol. 43 is given in the following table. 
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DISTRIBUTION OF SUBJECT MATTER IN VOLUME 43 


Subjects Number Pages % of Total 
Weadineanticlestres eras gs eee ee 70 940 79.7 
Shonthanticlesntaee \. 05th enenre tether 41 106 9.0 
1,046 88.7 
Memorials tea onesie ca cinoe er rere 7 37 
VANVAT GS Mie «ayaa ence eee ee at Seen RENN 2 15 
Proceedings of the Society. ».-4..5400 4s 1 18 
70 6.0 
IBOOKMREVIEWS ara ist tae eee era 25 20 
INewe MineraliNamessase ee eee 79 34 
INGLES irri iene tyad ee Pe tee eae 19 10 
64 Sad 
Total 402. o5 0) vata So ee ee ee 1,180 100.0 
Mem bershipulis tanee serene ce er aee eeeeee 45 
Index DitlesPaces Tablerot Contents eee 22 
67 
Grandelotal: © 7.5 a heey Te heir re ee 1,247 


Respectfully submitted, 
Lewis S. RamspE. Editor 
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LIST OF FORMER OFFICERS AND MEETING PLACES 


By recommendation of the Council, a complete list of past officers is printed in the pro- 
ceedings of the annual meeting of the Society: 


HONORARY PRESIDENTS 
Edward S. Dana 1925-1935 


Charles Palache 1949-1954 
Edward H. Kraus 1955- 
PRESIDENTS VicE-PRESIDENTS 
1920 Edward H. Kraus 1920 Thomas L. Walker 
1921 Charles Palache 1921 Waldemar T. Schaller 
| 1922 Thomas L. Walker 1922 Frederick A. Canfield 
| 1923 Edgar T. Wherry 1923 George F. Kunz 
1924 Henry S. Washington 1924 Washington A. Roebling 
1925 Arthur S. Eakle 1925 Herbert P. Whitlock 
1926 Waldemar T. Schaller 1926 George Vaux, Jr. 
1927 Austin F. Rogers 1927 George L. English 
1928 Esper S. Larsen 1928 Lazard Cahn 
1929 Arthur L. Parsons 1929 Edward Wigglesworth 
1930 Herbert E. Merwin 1930 John E. Wolff 
1931 Alexander H. Phillips 1931 William F. Foshag 
1932 Alexander N. Winchell 1932 Joseph L. Gillson 
_ 1933 Herbert P. Whitlock 1933 Frank B. Guild 
| 1934 John W. Wolff 1934 William A. Tarr 
1935 Clarence S. Ross 1935 Ellis Thomson 
_ 1936 William S. Bayley 1936 Harold L. Alling 
1937 Norman L. Bowen 1937 H. V. Ellsworth 
1938 Ellis Thomson 1938 Kenneth K. Landes 
1939 Max N. Short 1939 Burnham S. Colburn 
1940 William F. Foshag 1940 Ian Campbell 
1941 Frederick E. Wright 1941 William J. McCaughey 
1942 Arthur F. Buddington 1942 Martin J. Buerger 
1943 John F. Schairer 1943 John W. Gruner 
1944 R. C. Emmons 1944 Harry Berman 
1945 Kenneth K. Landes 1945 George Tunell 
1946 Paul F. Kerr 1946 S. B. Hendricks 
1947 M. J. Buerger 1947 Carl Tolman 
1948 M. A. Peacock 1948 Adolf Pabst 
1949 John W. Gruner 1949 J. D. H. Donnay 
1950 George Tunell 1950 Ralph E. Grim 
1951 A. Pabst 1951 Michael Fleischer 
1952 Michael Fleischer 1952 J. D. H. Donnay 
1953 J. D. H. Donnay 1953 Sterling B. Hendricks 
1954 Sterling B. Hendricks 1954 Harry H. Hess 
1955 Harry H. Hess 1955 Clifford Frondel 
1956 Clifford Frondel 1956 D. Jerome Fisher 
1957 D. Jerome Fisher 1957 George E. Goodspeed 


1958 George E. Goodspeed 1958 Ralph E. Grim 
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SECRETARIES TREASURERS 
1920-1922 Herbert P. Whitlock 1920-1923 Albert B. Peck 
1923-1933 Frank R. Van Horn 1924-1929 Alexander H. Phillips 
1933-1934 Albert P. Peck 1929-1930 Albert B. Peck 
1934-1944 Paul F. Kerry 1930-1940 Waldermar T. Schaller 
1944— (C5 Sp leluwelllogte, Iie. 1941-1958 Earl Ingerson 

Epirors 

1920-1921 Edgar T. Wherry 1922-1956 Walter F. Hunt 


1957—Lewis S. Ramsdell 


COUNCILORS 


1920 Arthur S. Eakle, Frank R. Van Horn, Fred E. Wright, Alexander H. Phillips. 
1921 Frank R. Van Horn, Fred E. Wright, Alexander H. Phillips, Austin F. Rogers. 
1922 Fred E. Wright, Alexander H. Phillips, Austin F. Rogers, Thomas L. Watson. 
1923 Alexander H. Phillips, Austin F. Rogers, Thomas L. Watson, Esper S. Larsen. 
1924 Austin F. Rogers, Thomas L. Watson, Esper S. Larsen, Arthur L. Parsons. 
1925 Thomas L. Watson, Esper S. Larsen, Arthur L. Parsons, William F. Foshag. 
1926 Esper S. Larsen, Arthur L. Parsons, William F. Foshag, William A. Tarr. 

1927 Arthur L. Parsons, William F. Foshag, William A. Tarr, Alexander N. Winchell. 
1928 William F. Foshag, William A. Tarr, Alexander N. Winchell, Ellis Thomson. 
1929 William A. Tarr, Alexander N. Winchell, Ellis Thomson, Clarence S. Ross. 
1930 Alexander N. Winchell, Ellis Thomson, Clarence S. Ross, Paul F. Kerr. 

1931 Ellis Thomson, Clarence S. Ross, Paul F. Kerr, William S. Bayley. 

1932 Clarence S. Ross, Paul F. Kerr, William S. Bayley, William M. McCaughcy. 
1933 Paul F. Kerr, William S. Bayley, William J. McCaughey, Kenneth K. Landes. 
1934 William S. Bayley, William J. McCaughey, Kenneth K. Landes, E. P. Henderson 
1935 William J. McCaughey, Kenneth K. Landes, E. P. Henderson, J. F. Schairer. 
1936 Kenneth K. Landes, E. P. Henderson, J. F. Schairer, Arthur F. Buddington. 
1937 E. P. Henderson, J. F. Schairer, Arthur F. Buddington, Arthur P. Honess. 
1938 J. F. Schairer, Arthur F. Buddington, Arthur P. Honess, R. C. Emmons. 

1939 Arthur F. Buddington, Arthur P. Honess, R. C. Emmons, Car! Tolman. 

1940 Arthur P. Honess, R. C. Emmons, Carl Tolman, D. Jerome Fisher. 

1941 R. C. Emmons, Carl Tolman, D. Jerome Fisher, Martin A. Peacock. 

1942 Carl Tolman, D. Jerome Fisher, Martin A. Peacock, Adolf Pabst. 

1943 D. Jerome Fisher, Martin A. Peacock, Adolf Pabst, C. S. Hurlbut, Jr. 

1944 Martin A. Peacock, Adolf Pabst, Michael Fleischer, S. J. Shand. 

1945 Adolf Pabst, Michael Fleischer, S. J. Shand, R. E. Grim. 

1946 Michael Fleischer, S. J. Shand, R. E. Grim, Joseph Murdoch 

1947 S. J. Shand, R. E. Grim, Joseph Murdoch, H. H. Hess. 

1948 R. E. Grim, Joseph Murdoch, H. H. Hess, Clifford Frondel. 

1949 Joseph Murdoch, H. H. Hess, Clifford Frondel, Lewis S. Ramsdell. 

1950 H. H. Hess, Clifford Frondel, Lewis S. Ramsdell, E. F. Osborn. 

1951 Clifford Frondel, Lewis S. Ramsdell, E. F. Osborn, George T. Faust. 

1952 Lewis S. Ramsdell, E. F. Olson, George T. Faust, Victor T. Allen. 

1953 E. F. Osborn, George T. Faust, Victor T. Allen, C.Osborn Hutton. 

1954 George T. Faust, Victor T. Allen, C. Osborne Hutton, Felix Chayes 
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1955 Victor T. Allen, C. Osborne Hutton, Felix Chayes, L. G. Berry. 

1956 C. Osborne Hutton, Felix Chayes, L. G. Berry, C. B. Slawson, A. O. Woodford. 
1957 Felix Chayes, L. G. Berry, C. B. Slawson, A. O. Woodford, S. S. Goldich 

1958 L. G. Berry, C. B. Slawson, A. O. Woodford, S. S. Goldich, B. H. Mason, R. H. Jahns 


C. Milton. 
Annual Meeting Places 

1920 Chicago, Illinois 1940 Austin, Texas 
1921 Amherst, Massachusetts 1941 Boston, Massachusetts 
1922 Ann Arbor, Michigan 1942 No meeting held 
1923 Washington, D. C. 1943 No meeting held 
1924 Ithaca, New York 1944 No meeting held 
1925 New Haven, Connecticut 1945 Pittsburgh, Pennsylvania 
1926 Madison, Wisconsin 1946 Chicago, Illinois 
1927 Cleveland, Ohio 1947 Ottawa, Canada 
1928 New York, N. Y. 1948 New York, N. Y. 
1929 Washington, D. C. 1949 E] Paso, Texas 
1930 Toronto, Canada 1950 Washington, D. C. 
1931 Tulsa, Oklahoma 1951 Detroit, Michigan 
1932 Cambridge, Massachusetts 1952 Boston, Massachusetts 
1933 Chicago, Illinois 1953 Toronto, Canada 
1934 Rochester, New York 1954 Los Angeles, California 
1935 New York, N. Y. 1955 New Orleans, Louisiana 
1936 Cincinnati, Ohio 1956 Minneapolis, Minnesota 
1937 Washington, D. C. 1957 Atlantic City, New Jersey 
1938 New York, N. Y. 1958 St. Louis, Missouri 


1939 Minneapolis, Minnesota 


Recipients of the Roebling Medal 


1937 Charles Palache 1950 Normal L. Bowen 
1938 Waldemar T. Schaller 1952 Fred E. Wright 

1940 Leonard James Spencer 1953 William F. Foshag 
1941 Esper S. Larsen, Jr. 1954 Cecil Edgar Tilley 
1945 Edward H. Kraus 1955 Alexander N. Winchell 
1946 Clarence S. Ross 1956 Arthur F. Buddington 
1947 Paul Niggli 1957 Walter F. Hunt 

1948 William Lawrence Bragg 1958 Martin J. Buerger 


1949 Herbert E. Merwin 


Recipients of the Mineralogical Society of America Award 


1951 Orville F. Tuttle 1955 Julian R. Goldsmith 
1952 Frederick H. Stewart 1956 George C. Kennedy 
1953 L. H. Ahrens 1957 Rustum Roy 


1954 Hatten S. Yoder, Jr. 1958 Charles E. Weaver 
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1958 ANNUAL MEETINGS AT ST. LOUIS, MISSOURI 
The meetings of the following Societies were held on November 6-8, 1958. 


The Geological Society of America—71st 
The Paleontological Society—S50th 

The Mineralogical Society of America—39th 
Society of Economic Geologists—39th 
Geochemical Society—3rd 

Association of Geology Teachers 


The complete program listed titles and abstracts of 323 papers. Of these 161 seemed to 
be of special interest to members of The Mineralogical Society of America. Authors and 
titles of these papers are listed below. Since by Council action the abstracts will not be 
reprinted in The American Mineralogist, references are given to the Bulletin of the Geo- 
logical Society of America, Vol. 69, Number 12, Part 2, December 1958, pp. 1527-1770, 
where the abstracts of all the papers of the various societies are reprinted, arranged 
alphabetically by authors. 


PAPERS OF SPECIAL MINERALOGICAL INTEREST 


J. A. S. Apams, G. Epwarps, W. HENLE, AND K. Osmonp: Absolute dating of bentonites by 
strontium-rubidium isotopes. Page 1527. 

L. T. Atpricu: Mineral age measurements in metamorphic zones of Iron and Dickinson 
counties, Michigan. Page 1528. 

G. C. Amstutz: Origin of the Mississippi Valley type deposits. Page 1528. 

G. C. Amsutz: Epigenetic and syngenetic theories of formation of rocks and mineral deposits. 
Page 1529. 

G. C. Amstutz anp Attitio Licasaccui: Mineralization zoning based on habit changes of 
pyrite. Page 1529. 

ALFRED L. ANDERSON: Genetic aspects of the monazile and columbium-bearing rutile deposits 
im northern Lemhi County, Idaho. Page 1530. 

S. ARAMAKI AND Rustom Roy: Further equilibrium studies in the system A\xO3-SiO3-H,O 
under hydrostatic and uniaxial pressure. Page 1530. 

Cart F. Austin AND MarruEew P. Nackowskt: Geochemical exploration at Darwin Mines, 
California. Page 1531. 

H. L. Barnes: Measurement of the solubility of ZnS in H2O-saturated H,O. Page 1531. 

Pavt B. Barton, JR., AND Puiuip M. BetuKe: Thermodynamic properties of some synthetic 
zinc and copper minerals. Page 1532. 

Ws. A. Bassett: Hydroxyl orientation in the micas. Page 1532. 

Cuas. H. Benre, Jr.: Origin of ore deposits of the Mississippi Valley type. Page 1533. 

Ramon E. BisQuE AND JOHN LeMisu: Susceptibility of some carbonate rocks to silicification. 
Page 1535. 

F. Donatp Bioss AND RoBERT L. STEINER: Suggestions on geochemical prospecting for 
manganese in northeast Tennessee. Page 1536. 

F. R. Boyp anp J. L. ENctann: Apparatus for phase-equilibrium studies at pressures up to 
70 kilobars and temperatures up to 1750° C. Page 1538. 

W. F. Brace: Plastic deformation of quartz during indentation. Page 1539. 

W. S. BRoECKER AND ALAN Watton: Re-evaluation of the salt chronology of several Great 
Basin lakes. Page. 1540. 

F. A. Brooks, Jr.: Trace and minor elements in Woodbine subsurface waters of the East 
Texas basin. Page 1540. 
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Cuas. Q. Brown: Clay mineralogy of sediments and source materials in the Vork River 
tributary basin, Virginia. Page 1541. 

Georce M. Browne : Beryllium detector for field exploration. Page 1542. 

_ D. A. Buckner anv L. B. Sanp: Synthesis of epistilbite and its phase relationships to other 
calcium zeolites. Page 1543. 

M. J. Burrcer anp Tipor Zowtat: Crystal structure of coesite, the high-density form of 
silica. Page 1543. 

H. J. BuLwivxe, H. W. Farrparen, W. H. Prxson, Jr., AnD P. M. Hurtey: Age inves- 
tigation of syenites from Coldwell, Ontario. Page 1543. 

C. Wayxe Burnuam Anp Ricuarp H. Jauns: Experimental studies of pegmatite genesis: 
the solubility of water in granitic magmas. Page 1544. 

Evcene N. Cameron AND Mark E. Emerson: Origin of certain chromite deposits of the 
eastern part of the Bushveld Complex. Page 1545. 

Pui Cuoguette: Petrology and structure of the Cockeysville formation near Baltimore, 
Maryland. Page 1546. 

STEPHEN E. CLraBaucH: Melamorphic facies and stratigraphy of Packsaddle schist, eastern 
Llano County, Texas. Page 1546. 

Joan R. Crarx, Mary E. Mrose ann C. L. Curist; S. Brock, A. PERLOFF, AND G. Bur- 
LEY: Investigation of veatchite. Page 1547. 

James C. Cops ann J. L. Kure: Uranium-lead dating of black shales. Page 1547. 

Ropert R. Compton: Wineral-assemblage variance in contact-metamorphosed pelites from 
Nevada. Page 1547. 

M. S. Crowrey anp Rustum Roy: Possible Al-Si ordering in sheet structures. Page 1549. 

Frank DAcHILLE AND Rustum Roy: Experimental study of the olivine-spinel inversion in 
MgSO,;. Page 1550. 

James H. Davis: Distribution of copper, zinc, and minor metals in the southeast Missouri 
lead district. Page 1551. 

Ropert [. Davis: Gold-copper deposits near Santa Mar a del Oro, Durango, Mexico. Page 
1951, 

Duncan R. Derry: Evidence on the origin of Blind River urantum—progress report. Page 
1553. 

Mavrice Devt: Origin and mode of occurrence of fine-grained disseminated pyrite in coal. 
Page 1553. 

Grorce W. DeVore: Role of minimum interfacial free energy in determining the macroscopic 
features of mineral assemblages. Page 1554. 

Joun B. Droste aNp Jack L. Harrison: Division of Mississippian rocks in Indiana by 
clay-mineral variation. Page 1550. 

D. Hove Earcre: Regional structure and lithology in relation to uranium deposits, Karnes 
County area, Texas. Page 1557. 

A. J. Extmann, A. J. Recis, ann L. B. Sanp: Investigation of sepiolites from Utah and 
Nevada. Page 1558. 

Ceieste G. ENGEL AND A. E. ENGEL: Progressive metamorphism of amphibolite, northwest 
Adirondack Mountains, New York. Page 1559. 

S. Ercun, J. T. McCartney, AND M. MentseEr: Physical and chemical properties of the 
petrographic components of a high-volatile bituminous coal. Page 1560. 

Epwin S. Erickson, Jr., AND Rustum Roy. Re-examination of the system Al,O;-H20. Page 
1561. 

W. G. Ernst: Study of synthetic and natural magnesioriebeckite. Page 1561. 

Hans P. Evcster anp Cuartes Mitton: Mineral assemblages and phase relations in the 


Green River formation. Page 1502. 
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Oswatp C. Farqunar: Silica bands and serpentinite in the Taita Hills, Kenya. Page 1562. 

D. Jerome Fisuer: Morinite-epatile-whitlockite. Page 1563. 

CLIFFORD FRONDEL: Geochemical enrichment of strontium in minerals of the alunite structure 
type. Page 1567. 

R. M. Garrets AND R. Stever: Stability of some carbonates in aqueous solution. Page 1569. 

Ropert M. Gates AND Paut E. ScHEERER: Petrology of a magmatic granite. Page 1570. 

Ropert M. Gates AND RoBert M. SNEIDER: Syynlectonic amphibolites. Page 1570. 

Jutan R. Gotpsmitu: Cadmium-dolomite and the system CACO;-MgCOs. Page 1570. 

Donatp L. Grar, Corin R. BryTH, AND ROSEMARIE S. STEMMLER: Mixed-layer com puta- 
lions using iliac: the three-layer case. Page 1572. 

Srwney A. GREENBERG: Kinetics of hydrothermal reactions. I. Reaction between silica and 
calcium hydroxide. Page 1573. 

Joun J. Grirrin AND Wo. D. Jouns: Clay-mineral composition of sediments of the Mississip- 
pi River and major tributaries. Page 1574. 

Marc GRUNENFELDER AND LEON T. SitvER: Radioactive age dating and its petrologic im- 
plications for some Georgia granites. Page 1574. 

Joun W. Gruner: Action of crude oils on uranyl solutions. Page 1575. 

Srarrorp C. Happ: Some sedimentary characteristics of uranium host rocks. Page 1577. 

R. L. Harker: Formation of tilleyite, CasSiz0;(COs)2, in the contact.metamor phism of siliceous 
limestones. Page 1578. 

Ricuarp L. Hay: Crystal-rich glowing-avalanche deposits of St. Vincent, B. W. I. Page 1578. 

E. Wn. Hernricu: Rare-earth pegmatites of the South Platte-Lake George area, Douglas, 
Teller, and Park counties, Colorado. Page 1579. 

E. Wn. Herneicn, R. A. Borup, AND A. A. Levinson: Rare-earth and thoriwm distribution 
im some pegmatitic monazites. Page 1580. 

E. Wm. Hernricu, A. A. Levinson, J. M. AXELROD, AND CHARLES Mitton: Niobiwm- 
titanium-rare earth minerals of Ravalli County, Montana, and Lemhi County, Idaho. 
Page 1580. 

J. J. HeMLEy: Some mineralogical equilibria in the system KzO-Al:03-SiO2-H2O. Page 1581. 

Joun P. Hopson: Stratigraphy and petrology of Lower Ordovician dolomites, southeastern 
Pennsylvania. Page 1583. 

Heinricn D. HoLtanp: Mineralogic evidence bearing on the evolution of the earth’s at- 
mosphere. Page 1584. 

Wi1aM T. Houser: Topology and geometry of crystal structure. Page 1585. 

W. T. Huane: Zircons in the Precambrian igneous rocks, Wichita Mountains, Oklahoma. 

Page 1589. 

Joun F. Hupert: Petrology of the Fountain formation along the foothills of the Colorado 
Front Range. Page 1590. 

P. M. Hurtey, H. W. Farrparrn, AND W. H. Prson, Jr.: Intrusive and metamor phic rock 
ages in Maine and surrounding areas: Page 1591. 

Ropert M. Hutcurnson: Chemical and tectonic relations of northernmost end of Pikes Peak 
batholith, Jefferson and Douglas Counties, Colorado. Page 1591. 

Ricuarp H. JAHNS AND C. WAYNE BurNuAM: Experimental studies of pegmatite genesis: 
melting and crystallization of granite and pegmatite. Page 1592. 

J. S. Kann: Test of two-dimensional preferred orientation. Page 1595. 

Davin L. KenpALL: Sedimentary features of the ore deposits, Jefferson City mine, Tennessee. 
Page 1596. 

M. Koizumi anp Rustum Roy: System CaO-Al:03-SiO:-H:O. VII: Synthesis and equi- 
librium stability of the calcium zeolites. Page 1597. 
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Otro C. Kopp anp Paut F. Kerr: Differential thermal analysis of pyrite and marcasite. 
Page 1598. 

Josep ALTON KornFeELp: Effects of zinc replacement of magnesium in sauconite. Page 1598. 

James R. Kramer: Study on calcite and dolomite in sea water. Page 1600. 

RatpH Kretz: Distribution of elements among coexisting garnet, biolite, and hornblende in 
Grenville gneisses from Quebec. Page 1600. 

FREDERICK J. KUELLMER, JOHN H. CaRMEN, AND Jacques R. RENAULT: Alkali feldspars 
from ore and nonore-bearing parts of some intrusive porphyries. Page 1601. 

FREDERICK J. KUELLMER, JACQUES R. RENAULT, AND JoHN H. CarMEN: Differences in 
the (201) thermal expansion of some perthitic alkali feldspars. Page 1602. 

G. KUELLERUD AND E. H. RosEBoom, JR.: CugSs—CusF eS, system. Page 1602. 

Cart E. Lecate: Gas chromatographic study of a clay mineral-organic system: Determination 
of activity coefficients and heats of adsorption. Page 1603. 

R. K. LEININGER, JOHN B. DRosTE, AND WM. J. WAYNE: Expanding-lattice clay minerals in 
loess of southern Indiana and northern Kentucky. Page 1604. 

L. Doucias Lusk anp L. I. Briccs: Genesis of chert in the Middle Devonian Bois Blanc 
Jormation, Michigan and Ontario. Page 1606. 

J. MacCHESNEY AND ARNULF Muan: Studies in the system iron oxide-TiO:. Page 1607. 

J. A. MacKAatLior anpD Cart M. BUNKER: Ore controls in the Karnes County uranium area, 
Texas. Page 1607. 

JosepH A. MANDARINO: Absorption and pleochroism in synthetic ruby. Page 1608. 

G. E. MANGER: Comparison of the physical properties of uranium-bearing rocks in the 
Colorado Plateau and in the Gulf Coast of Texas. Page 1608. 

Cuas J. MANKIN: Sedimentary petrology of the Exeler sandstone, northeastern New Mexico. 
Page 1609. 

Sizas P. MANSFIELD AND RussELL R. DutcuEr: Pelrography and mode of sulfur occurrence 
of a column of Pittsburgh seam coal. Page 1609. 

LAWRENCE Y. Marks: Ground-water conditions and the relation to uranium deposits in the 
Gas Hills area, Fremont and Natrona counties, Wyoming. Page 1610. 

Joun F. McCautey: Red-bed uranium occurrences in Pennsylvania. Page 1610. 

Davin Sears McCutrocu aAnp L. I. Briccs: Growth temperatures and vacuole disap pear- 
ance temperature in halite. Page 1611. 

Bates McKee: Jadeite alteration of sedimentary and igneous rocks. Page 1612. 

A. T. Miescu, E. M. SHormaker, W. L. Newman, AND W. I. Frncu: Chemical composition 
as a guide to the size of sandstone-type uranium deposits in the Morrison formation on the 
Colorado Plateau. Page 1613. 

Donap S. MILLER AND J. LAURENCE Kutp: Jsotopic relations in uranium deposits of the 
Colorado Plateau. Page 1614. 

Cartes Mitton, Mary E. Mrose, JosEPH J. FAHEY, AND Epwarp C. T. Cuao: Labunt- 
sovile from the Trona mine, Sweetwater County, Wyoming. Page 1614. 

Ropert H. Moencu: Clues to the genesis of uranium deposits in the Laguna district, New 
Mexico. Page 1615. 

Grorcre W. Moore Anp Pui T. Hayes: Evaporite and black-mud deposition at Pupuri 
Salina, Mexico. Page 1616. 

Nosuo Mormoro anp Teucni Ito: Pseudo-twin of augite and pigeonite. Page 1616. 

Mary E. Mrose: X-ray determinative tables of the iron-manganese phosphate minerals. 
Page 1617. 

ArnuLFé Muan: Stability relationships among some manganese minerals. Page 1618. 

Ropert F. MuELLER: Chemical petrology of a metamorphosed iron formation. Page 1018. 
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SiecrRIED Murssic: Primary borates in playa deposits: Minerals of high hydration. Page 
1619, 

Frep A. Mumpton: Clinoplilolite redefined. Page 1620. 

JosEpH Murpocu AND Rosert A. CHALMERS: Woodfordite, a new mineral from Crestmore, 
California. Page 1620. 

M. P. Nackowskt: Physical and chemical environment of Illinois-Kentucky fluorspar de- 
posits. Page 1621. 

Bruce W. NELson: Relative effectiveness of clay-mineral diagenesis in the Rappahannock 
River, Virginia. Page 1623. 

Ernest H. NicKkeL: Occurrence of native nickel-iron in the serpentine rock of the eastern 
townships of Quebec province, Canada. Page 1623. 

DoritA A. NortON AND WatTER S. CLavan: Metamor phosed clinopyroxenes from the Penn- 
sylvania and Delaware Piedmont province. Page 1624. 

Put M. OrvitLE: Composition of feldspar pairs from pegmatiles and their application as a 
temperature indicator. Page 1625. 

E. F. OsBorn: Crystallization and differentiation of basaltic magma as a function of the con- 
stancy of oxygen partial pressure. Page 1626. 

J. Kennetu Osmonp ANp Joun A. S. ApAms: Normal granite as a source of anomalous 
leads. Page 1626. 

Cuar es E. Payton anp Leo A. Tuomas: Petrology of some Pennsylvanian black “shales.” 
Page 1628. 

Arte POoLDERVAART: Ultramafic rocks in Highline Lakes area, Beartooth Mountains, Wy- 
oming. Page 1630. 

WAYNE ARTHUR PRyOR AND HERBERT D. Giass: Stratigraphic distribution of clay minerals 
in the Upper Mississippi embayment sediments. Page 1631. 

ANDREW J. Recis AND L. B. Sanp: Natural cubic (8) silicon carbide. Page 1633. 

ARTHUR W. ROSE: Significance of the iron content of sphalerite. Page 1635. 

RoBERT L. ROSE: Subdivision of the amphibolite hornfels metamorphic facies. Page 1635. 

JouN L. ROSENFELD AND R. DALE Cotter: Calcite-dolomite geothermometer and fossil 
thermal gradients in southeast Vermont. Page 1636. 

J. L. RosENFELD, J. B. Toomeson, anp E. ZEN: Data on coexistent muscovite and para- 
gonite. Page 1637. 

Deiia M. Roy anp Rustum Roy: Comparison of the high-low inversions in carnegeite and 
cristobalite. Page 1637. 

J. F. ScoarrER AND Nopuo Morimoto: Preliminary report on the system forsterite-dio pside- 
silica-albite. Page 1639. 

Ropert F. Scumarz: Thermodynamic calculations relating to the origin of red beds. Page 
1639. 

CrcIL J. SCHNEER: Heat treatment of sphalerite-type crystals. Page 1640. 

CHARLES B. ScLar AND MARK G. SMERCHANSKI: Columbian-rate earth-titanium mineraliza- 
tion at St. Joseph du Lac, Oka area, Two Mountains County, Quebec. Page 1641. 

Denis M. Suaw. Scapolite geochemistry. Page 1641. 

Nicuoras M. Suort: Element variations during weathering of four residual soils. Page 1642. 

Wm. F. SLAwson AND MatrHew P. Nackowskt: Lead in potassium feldspars from Basin 
and Range monzonites, Page 1644. 

Davin B. Stemmons: Revision of Turner’s Method for the determination of plagioclase with 
a universal stage of three or more axes. Page 1644. 

Dean K. Smit: Use of styrofoam balls with a punching goniometer for making crystal 
models. Page 1645. 

J. V. Situ: Crystal structure of protoenstatite. Page 1645. 
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R. K. Sore ann E. N. Cameron: Manganese ores of the Nsuta deposit, Ghana. Page 1647. 

James D. StepHens Anp L. B. Sanp: Alteration in part of the United States mine, West 
Mountain (Bingham) district, Utah. Page 1647. 

D. B. Stewart: System CaAlSizOs-SiO:-H20. Page 1648. 

Joun W. Stuart anp Wa. D. Jouns. Silica configuration of metadickite and related silica 
phases. Page 1648. 

M. S. Taccart, JRr., AND A. D. Kaiser, JR.: Clay mineralogy of Mississippi River deltaic 
sediments. Pge 1649. 

P. K. TuEopatp, D. B. Hawkins, anp H. W. Lakin: Composition of water and precipi- 
tates in the confluence of Deer Creek with Snake River, Summit County, Colorado. Page 
1651. 

CuarLes P. THORNTON AND Donatp D. Mcintyre: Modified C.I.P.W. norm calculation 
and its programming on a digital computer. Page 1652. 

G. R. Tirton, G. W. WETHERILL, AND G. L. Davis: Mineral ages from rocks of the A ppa- 
lachian orogenic zone. Page 1653. 

Karr K. Turexian: Distribution of trace elements during the fractional crystallization of 
the Stillwater Complex, Montana. Page 1654. 

Karu K. TUREKIAN AND Kart M. Waack: Geochemistry of the Fox Hills formation, South 
Dakota. Page 1655. 

O. F. Turrie Anp P. J. Wyte: Calcite-water join in the system CaO-COs-H20. Page 1655. 

OcpEN Tweto: Time relations of intrusion, faulting, and mineralization at Leadville, Colo- 
rado. Page 1656. 

A. VoLBortH: Simplified analysis of uranyl and other phosphates. Page 1657. 

CHARLES E. WEAVER: Geological significance of ‘“K fixation.’”’ Page 1658. 

AutcE D. WEEKS AND ALFRED H. TRUESDELL: Mineralogy and geochemistry of the uranium 
deposits of the Grants district, New Mexico. Page 1658. 

AuicE D. WEEKs, Betsy LEVIN, AND RoBEerT J. BOWEN: Zeolitic alteration of tuffaceous 
sediments and its relation to uranium deposits in the Karnes County area, Texas. Page 
1659. 

C. E. Were AND A. VAN VALKENBURG: Synthesis of BeO: R203 compounds. Page 1659. 

Donato E. Wuite: Liquid of inclusions in sulfides from Tri-State (Missouri-Kansas- 
Oklahoma) is probably connate in origin. Page 1660. 

Joun M. WuitFieELp, JoHN J. W. Rocers, AND JOHN A. S. Apams: Thorium and uranium 
contents of selected granitic rocks. Page 1601. 

F. B. Wurrine: Structural belts and mineral deposits of northwestern Argentina. Page 1661. 

Horace WINCHELL: New determinative table based on optical properties. Page 16064. 

Joun A. WoLrE AND VirciL C. Bartlett: Gasometric determination of calcite and dolo- 
mite. Page 1664. 

D. R. Wonss: Phase relations of biotites on the join phlogopite-annite. Page 1665. 

H. D. Wricut anp C. M. Suiru: Radiographic evaluation of homogeneous distribution of 
trace elements in minerals. Page 1666. 

P. J. Wyte: Twinned high-temperature cordierite in fused arkose. Page 1667. 

E. J. Younc anp H. A. Powers: Chevkinite in volcanic ash. Page 1668. 

E-AN ZEN: Carbonate equilibria in the open ocean. Page 1669. 

E. G. Zs ann F. Cuaves: Composition of nepheline and sanidine in a pseudoleuctle from 
Elk Peak, Bearpaw Mountains, Montana. Page 1670. 


THE AMERICAN MINERALOGIST, VOL. 44, MARCH-APRIL, 1959 


NOTES AND NEWS 
MICROFRAMEWORKS* 


Erizapety A. Woop, Bell Telephone Laboratories, Murray Hill, N. J. 


The purpose of this paper is to call attention to those regular, repeti- 
tive features of crystalline bodies whose repeat distances are in general 
larger than the interatomic distances of the crystal structure, but not 
visible to the unaided eye. These I shall call microframeworks. 

One of the reasons for interest in them is that they may result in the 
development of a new area of investigation in physics and chemistry 
since the properties of substances under the conditions that exist in some 
microframeworks will be different from their bulk properties. Secondly, 
as a result of this difference in properties and also because of their very 
small size and precise dimensions, microframeworks may be of tech- 
nological interest. 

These two points will be illustrated under the headings of several types 
of microframeworks: micromolds, microsandwiches, microgrids, micro- 
cages, microsieves, and microjigs. 


1. Micromolds 


Chrysotile asbestos has been described (Bates, Sand, and Mink, 1950) 
as composed of closely packed tubes. Noll and Kircher (1950) show elec- 
tron micrographs of cross sections of these tubes and state that their - 
outside diameter is 150-300 A. Such a structure could serve as a pre- 
cisely dimensioned tubular micromold whose tubes could be filled with 
the substance whose properties were to be studied. 

Consider first magnetic properties. It is well known that the domain- 
wall energy of a ferromagnetic material is such that a wall cannot exist 
in a particle of about 200 A diameter (Kittel, 1946). Such a particle, con- 
sisting of a single domain, has a high coercive field. A body made up of 
such particles, packed in a matrix would therefore be an excellent perma- 
nent magnet. If the particles consisted of parallel rods, the effect of shape 
anisotropy would be added and the body would be a better permanent 
magnet than any now known. 

Williams and Sherwood (1958) attempted to fill chrysotile tubes with 
various magnetic materials and achieved a 600-fold increase of the coer- 
cive force in cobalt compared to that of the bulk material, but this is far 
short of what was expected from theory. This unsatisfactory result may 
support the conclusion of F. L. Pundsack (1956) whose density measure- 


* The substance of this paper was the subject of the retiring president’s talk at the 


banquet of the American Crystallographic Association meeting in Milwaukee, June 26, 
1958. 
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ments indicate that the supposed tubes of chrysotile asbestos are in fact 
filled with solid material. If this was true of the specimen which we tried 
to fill with the magnetic material, the volume filled could only have been 
the interstices between the rods, giving an inadequate amount of mag- 
netic material present in the composite body. 

If a tubular micromold was filled with a metal, the resistance of the 
microwires would be high because of their small diameter and a new type 
of resistor would result (Doucette, 1958). Since the “wires”? would main- 
tain their shape and size in spite of phase transformations, including 
melting, the changes of conductivity with changes of phase could be 
studied. 

It is well known that metals in thin films do not have the same density, 
optical constants, and electric constants as bulk metals (Lewis, 1950) 
and that the epitaxial influence of the substrate may even result in a 
change of crystal structure of the deposited substance (Pashley, 1956). 
The study of properties of materials in micromolds is a new field of in- 
vestigation where one may expect the discovery of new properties of 
materials. Since the material in a micromold is not in contact with air 
except for a negligibly small area, reactive materials can be investigated 
without the necessity of a controlled atmosphere. Although the tubular 
micromolds so far described have been crystals with spaces available 
for filling, microframeworks may also exist in which rod-like inclusions 
of a material different from the matrix may be selectively removed or 
replaced with the same end effect as that of a tubular micromold. 

In addition to tubular or ‘‘one-dimensional”’ micromolds, lamellar or 
“two-dimensional”? micromolds may be used. A filled lamellar micromold 
has the properties of a microsandwich which will be discussed below. A 
three-dimensional micromold would probably have to be filled as the 
crystal grew. The microcage discussed below is related to this. 


2. Microsandwiches 


Microsandwiches are layered structures on a very small scale whose 
adjacent layers differ from each other in composition or structure. Such 
microframeworks are called polycrystals (Donnay and Donnay, 1953) 
and may be composed of such different substances as pyrite and uraninite 
(King, 1957). In current microwave technology, components with close- 
ly-spaced thin metallic filaments have been needed (Reed, 1955). Micro- 
sandwiches with metallic layers, either originally present or introduced 
by selective replacement might find application in this field. 


3. Microgrids 
The construction of ruled gratings for optical diffraction is an exacting 
mechanical task. Microridges on crystal surfaces might, in favorable 
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cases, serve as an optical grating or as a mold for a replica that could be 
used for an optical grating as suggested by Farney (1958). Slip planes, as 
in twinned calcite, produce such a ridged surface. Alternating develop- 
ment of faces, as on the cube face of pyrite and the prism face of quartz, 
if sufficiently regular, might provide a suitable microgrid. In some crys- 
tals, e.g., albite, polysynthetic twinning results in twin lamellae of uni- 
form width. Selective etching of these would produce a microgrid. 

The remaining three categories comprise small scale microframeworks, 
examples of which are already in use. 


4. Microcages 


A microcage is a crystal microframework that is used to trap some- 
thing that would otherwise escape. The clathrate compounds are an 
example. In the quinol-rare gas clathrates, the gas atoms are mechan- 
ically trapped in quinol cages as close together as they would be if the 
gas were under a pressure of 91 atmospheres. The oil industry uses clath- 
rate compounds to trap selectively petroleum derivatives whose boiling 
points are not sufficiently different from each other to allow separation 
by fractional distillation (Banerjee, 1958). 


5. Microsieves 


A microsieve is a crystal microframework which, because of the shape 
or size of openings in it, is useful for separating one substance from 
another. An example is the zeolites which have large (ca. 10 A) cavities 
interconnected by smaller passages (ca. 4 A in diameter). These have re- 
cently been used to separate straight chain hydrocarbons from branched 
chain hydrocarbons (Breck, 1958). They have also been called ‘‘molecu- 
lar sieves.” 


6. Microjigs 


A microjig is a crystal microframework in which something is held for 
processing in some way. Examples are the urea and thiourea crystals 
used by Brown and White (1958) to hold monomers end to end during 
electron-irradiation which results in their linkage into straight chain 
polymers. 

The list of microframeworks given in this paper is not exhaustive. 
Others will be discovered or produced synthetically. It is hoped that 
mineralogists and crystallographers will pay special attention to poten- 
tial microframeworks in the crystals they find or grow. These, in the 
hands of engineers, may make possible the construction of useful devices 
on a scale that would be prohibitively difficult for manufacturing proc- 
esses. In the hands of crystallographers and physicists, microframeworks 
may be a new tool for the study of solids. 
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SYNTHESIS OF SABUGALITE! 
GeorcE B. Macin, JR., GEORGE J. JANSEN,” AND Betsy LEvIN, 
U.S. Geological Survey, Washington 25, D.C. 
In his paper on sabugalite, HAI(UO»)4(PO.)4: 1620, Frondel (1951) 
stated that his efforts to synthesize this mineral had been unsuccessful. 


1 Publication authorized by the Director, U. S. Geological Survey. 
2 Present address, Republic Steel Corporation, Cleveland, Ohio. 
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Two of the authors (Magin and Jansen) were at that time working on 
the synthesis of uranyl phosphates and successfully synthesized this 
mineral. The method used was similar to that used by Beintema (1938) 
in his synthesis of uranocircite. The stoichiometric amount of uranyl 
acetate dihydrate (200.0 mg) was added to 27.5 mg. of aluminum chlo- 
ride hexahydrate in a large volume of water (600 ml.). A threefold excess 
of phosphoric acid (1.4 ml. of a 100 g/liter solution of HPO.) was 
added. A yellow fine-grained precipitate formed slowly and was digested 
in a covered beaker on the steam bath for 2 days. The chemical analysis 
of the resulting product is given in Table 1. 

Because the synthetic crystals were exceedingly fine grained, they 
did not yield satisfactory optical data. However, the average index of 
refraction of the synthetic product indicated a value of about 1.57, which 
is within the range of indices given by Frondel for natural sabugalite 
with water content approximately the same as that of the synthetic 
product. 

Both the natural and the synthetic sabugalite were indexed on the 
basis of the data given by Frondel (1951)—tetragonal (/4/mmm), 
ay=6.96 A and cy=19.22 A. The results obtained with the use of these 
data are not satisfactory, however, as not all the reflections could be 
indexed. Good single crystal patterns could not be obtained due to the 
very thin and warped nature of the crystals. Until better material is 
discovered, assignment of the space group to which this mineral belongs 
must be only tentative. 

In Table 2 Frondel’s powder data of sabugalite are given for com- 
parison with our data. The line at d=4.86 A has been resolved on our 
patterns of both the synthetic and the naturally occurring material, to 
d=4.93 A and 4.80 A, which then can be indexed as (110) and (004) 
respectively. 

The writers gratefully acknowledge the help of Mrs. Daphne R. Ross 


TaBLe 1. CHEMICAL ANALYSIS (IN PER CENT) OF SABUGALITE 


Synthetic N 1 
(G. B. Magin, Jr., Raitt f Theoretical 
Analyst) aes 
UO; 64.43 65.22 64.41 
Al:O3 2.90 2.65 2.87 
P30; 15275 16.08 15.99 
H2O0 16.67 15.93 16.73 


Total 99.75 99.88 ; 100.00 
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TaBLE 2. X-Ray PowpER Data For NATURAL AND SYNTHETIC 
SABUGALITE: HAI](UO:)4(PO.)4: 16H2O 


| 
Indexed on tetragonal unit cell: space group /4/mmm ; ao=6.96 A, co=19.22 A; CuKa 
| radiation (A=1.5418 A); nickel filter; camera diameter= 114.59 mm.; cut-off at 11.0 A 


Synthetic sabugalite 
(Film No. 9899) 


Natural sabugalite 
(Film No. 8991) 
Locality: Mina da 
Quarta Seira, Sabu- 


| gal, Portugal 


Natura] sabugalite 
(Frondel, 1951) 
Locality: Mina da 
Quarta Seira, Sa- 
bugal, Portugal 


401 2.40 6 2.40 


hkl deale. Ghee, i bree. I Obes, I 
002 9.605 9.61 100 9.61 100 9.69 10 
9 .03* 9 8.93% 9 
8.43 1 8.43t 9 
6.71 3 6.76 3 
| 101 6.544 6.56 1 
6.37 3 6.37 4 
5.59 1 
5.444 3 
5.31 4 
110 4.922 4.93 18 4.93 35 
| 004 ~8=4.802 4.80 18 4.80 35 4.86 9 
\@ 103. 4.713 
| 4.55 25 4.58 13 
1 112 4.380 4.40 9 4.40 9 4.39 4 
| 4.17(vb) 2 4.19(b) 2 
| 3.97 2 
| 3.63t 4 
| 200 3.480 3.48 35 3.48t 50 3.47 8 
|) 114 3.437 
105 3.364 3.36 9 3.36 13 3.36 1 
006 3.202 3.22(b) 9 3.22(b) 9 322) 1 
Din 5 31073 3.05(b) 2 3.08 2 3.06 1 
2.94 3 2.93 6 
Dass 3 
| 204 2.818 2.818 1 
| M3. 2.800 
| 116 2.684 
2.63 6 2.62 4 
107 2.553 
| 220 2.461 2.46(0) 4 2.47(b) 4 2.452 2 
| 214 2.418 
| 008 2 9 2.389 2. 


b=broad. vb= very broad. 
* Possibly a lower hydration state of sabugalite. 
+ Meta-autunite. 
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TABLE 2 (Continued) 
Natural sabugalite Natural sabugalite 
; ; (Film No. 8991) (Frondel, 1951) 
ovat eloeabagalite Locality: Mina da Locality: Mina da 
(TE Nes Yee") Quarta Seira, Sabu- Quarta Seira, Sa- 
gal, Portugal bugal, Portugal 
hkl Geatet Orvesxs. I Oro, I encase I 
222 2.384 
206 2.356 
301 2.303 2.29 2 2.30 2 
2.24 2 DAS 1 
310 2.201 
224 2.190 2.19(6) 9 2.20(0) 13 2.188 6 
303 2.182 
118 2.165 
312 2.146 
217 2.058 2.08 (vb) 3 2.10(vb) 4 
109 2.040 
1.989 2 1.998 1 
1.918 4 1.926 6 
1.859 3 1.863 3 
1.791(0) 3 1.794 (vb) 4 1.792 1 
1.740 4 1.743 9 1.726 1 
1.670 2 1.684 1 1.641 5 
1.603 1 1.605 2 
1.578 2 1.583 3 
ise 2 1.556 1. 152 1 
1523 2 Ro2 8 3 
1.421() 1 1.423(0) 2 
1.366(d) 3 1.370(vd) 4 1.364 1 


of the U. S. Geological Survey in the «-ray studies. This work is part of 
a program being conducted by the U. S. Geological Survey on behalf 
of the Division of Research of the U. S. Atomic Energy Commission. 
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DIRECTIONAL GRINDING HARDNESS OF QUARTZ 
BY PERIPHERAL GRINDING* 


R. M. DENNING AND M. A. Conran, University of Michigan, 
Ann Arbor, Michigan. 


Recently Giardini (1) and Giardini and Conrad (2) have successfully 
studied the directional grinding hardness of strontium titanate and sili- 
con single crystals by cutting oriented disks and grinding the periphery 
of the disks in a lathe. An outstanding feature of the method is that infor- 
mation on the symmetry of hardness vectors is quickly obtained from 
the measurements. It occurred to the writers that the peripheral grind- 
ing method might be used to verify experimentally the hypothesis that 
grinding hardness is a non-centrosymmetric property of crystals. Quartz 
was chosen for the study as being most suitable from the standpoint of 
availability and mechanical properties, among non-centrosymmetric 
crystals. At the outset, quartz is not ideal for the purpose because of the 
near isotropy of its other physical properties. Quartz possesses a poor to 
distinct prismatic cleavage {10-0} and a similar pair of rhombohedral 
cleavages {10-1} and {10-1}. The cleavage of quartz may be readily 
observed on a rough ground single crystal sphere. Reflection maxima 
are easily detected so that such a sphere can be accurately oriented in 
reflected light; the only ambiguity is that introduced by the inability 
of the observer to distinguish between {10-1} and {10-1}. The presence 
of cleavage suggests a likelihood of measurable hardness variation, al- 
though the large number of cleavage planes (nine) indicates that the 
variations may not be very large. 

The reader is referred to the paper by Giardini and Conrad (2) for a 
description of the method of peripheral grinding. External morphology 
and etch figures were used as an aid in selecting single crystal oriented 
disks in this study. The hand of the crystals was determined by light 
figures from etched surfaces and the rotation of the plane of polarization 
of light traveling parallel to the optic axis as described by Parish and 
Gordon (3). 

The disks were mounted on a spindle and centered as well as possible 
in the lathe chuck. The chuck was divided into five degree increments 
which could be read at a fixed index. The centering and radial reductions 
were determined by means of a dial indicator. Thus the reduction of the 


* Contribution No. 225 from the Department of Mineralogy, University of Michigan, 
Ann Arbor, Michigan. This investigation was supported financially by the Office of Naval 


Research. 
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radius of the disk due to grinding could be recorded for the desired 
angular position of the chuck (azimuth). The lathe cross feed served to 
locate the dial indicator and also to locate the abrasive tape against the 
disk for grinding. 

The indicator was graduated to 0.001 inch. Readings to 0.0001 inch 
were estimated and are believed to be correct to 0.0003 inch. The reading 
of the azimuth angle is not particularly critical, but is correct to within 
one degree. The thickness and maximum and minimum disk diameters 
were measured with a micrometer graduated to 0.001 inch. Experimen- 
tal conditions were essentially the same as those used in the silicon and 
strontium titanate studies previously mentioned. 

Three disk orientations were chosen for the present study: a [00-1] 
disk and a disk of general orientation (zone axis; ¢= 226°, p=37°) to in- 
vestigate the non-centrosymmetric nature of the hardness and a [01-0] 
disk as an example of two-fold symmetry. 

As a test of the validity of the method, an optically isotropic pyrex 
disk was subjected to a series of measurements. The initial eccentricity 
due to lack of perfect centering was reduced during the first grinding pe- 
riod. Observations after further grinding indicated that the equilibrium 
between eccentricity and hardness attained during the first grinding pe- 
riod was valid within experimental error. Thus it is reasonable to con- 
clude that any initial eccentricity will be reduced during grinding and 
that variation in hardness will be the principal factor upon which differ- 
ences in radial reduction will be dependent. 

The reproducibility of the method was checked by making observa- 
tions of the radial reductions produced by successive grinding increments. 
In the case of quartz, the observed relative grinding hardnesses produced 
by successive tests agree within 10 per cent. 

Relative grinding hardness values were computed from the observed 
radial reductions using the following definition for relative grinding hard- 
ness (4): RGH=K,/K,, where Kg is the grinding constant for a direction 
of arbitrarily chosen unit hardness and K,, the grinding constant in the 
direction under consideration. The grinding constant K=v/FT, where 
v is the volume removed, F is the force normal to the grinding surface 
and T is the time of grinding. 

Hardness values were computed for each ten degree increment using 
the largest radial reduction as the standard value for each test. Succes- 
sive values for each orientation were then averaged and the standard 
deviation was computed. 

Average relative hardness values for each disk were then determined 
with the above equations, using the volume removed during the entire 
grinding period to determine the grinding constant (K) for each disk. 
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This computation yielded the average hardnesses of the disks. The low- 
est hardness value was selected as a reference value and all hardness 
values were multiplied by constants which preserved the relation of the 
average hardness values for various disk thicknesses. These same con- 
stants were applied to the standard deviations. Adjusted standard devi- 
ations are as follows: [00-1] disk=0.063; [01-0] disk =0.025; disk of 
general orientation (¢=226°, p=37°) =0.038. 
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Fic. 1. Relative grinding hardness of quartz. 


Figure 1 is a plot of the relative grinding hardness of the three disk 
orientations studied. The maximum and minimum hardness values of 
the [00-1] disk are plotted as dotted lines because no systematic varia- 
tion of hardness compatible with the symmetry was observed. The 
Bravais- Miller indices of significant planes are indicated in the figure. 
Figure 2 is a cyclographic projection of the disks on which zero azimuths, 


grinding directions, and rotation directions are indicated. 


The results of measurement for the [00-1] disk are not satisfactory, 


apparently for two reasons. First, the anisotropy is low; and second, the 


two disks used were ground under a very small radial force. For this 
reason a curve is not plotted, but rather the approximate limits of hard- 
ness for the prism zone are shown by broken lines on the figure. An im- 


426 NOTES AND NEWS 


provement in technique probably would permit a reproducible hardness 
curve for this orientation. 

The two-fold symmetry of the hardness curve of the [01-0] disk is 
apparent. The curve for the disk of general orientation does not ap- 
proach the two-fold symmetry so closely as the former. It is apparent 


Zero for 
General Disk 


Rotation 


elif meneneoeeoms 


COI.O] Disk 


Fic. 2. Cyclographic projection of the quartz disks. 


that the slight deviation from two-fold symmetry may be fortuitous and 
cannot be considered as significant. 

It is not possible to combine the curves obtained from a series of disks 
to form a useful and meaningful solid of relative grinding hardness, since 
grinding hardness is dependent upon the orientation of the plane being 
ground and the direction within the plane. 

It is well to consider the symmetry that the two-dimensional hardness 
curves would be expected to show for the possible symmetry elements 
of crystals. A disk whose axis coincides with an n-fold symmetry axis of 
rotation or rotary reflection must exhibit a hardness curve of n-fold or 
compatible symmetry. If the symmetry axis is an axis of rotary inver- 
sion, the relations (which can be verified easily with the aid of a stereo- 
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| graphic projection) are as follows: if the disk axis be parallel to 2, 3, 4, 
| or 6, the hardness variation shown by peripheral grinding of the disk 
_ must be compatible with 1, 6, 4, or 3-fold symmetry respectively. 

| If a disk is cut from a centrosymmetric crystal the least symmetry 
_ which can be manifest is twofold. Incidentally an important point, 
_ about which there has been some confusion, is the equivalence of hard- 
_ ness vectors required by a center of symmetry on sawed (or cleaved) 
crystal surfaces. Figure 3 illustrates a crystal which has been sawed on 
the stippled plane. A hardness vector H on the sawed surface of Part A 
is repeated by a center of symmetry as H’ on Part B. 


Fic. 3. Repetition of a hardness vector in a cleaved centrosymmetric crystal. 


A symmetry plane parallel to the axis of the disk will reveal itself only 
if curves are obtained for opposite directions of disk rotation. Under such 
conditions the two curves will be related to each other by a line of reflec- 
tion parallel to the trace of the symmetry plane. 

Ideally (from symmetry considerations alone) if a sufficient number 
of properly chosen disks be ground, some in opposite directions of rota- 
tion, a unique crystal class determination should be possible from hard- 
ness measurements alone. Furthermore, it should be possible to distin- 
guish between right and left enantiomorphs. Practically, this has not 
been accomplished. About the best that has been done is to show meas- 
urements consistent with the symmetry elements of the substance inves- 
tigated. 

Anisotropy (A) may be expressed by the following formula, in which 
H is relative grinding hardness and R is radial reduction: 


2| Hi — He| — 2|Ri — Rol 
— or 
Hy + Hp Ri + Re 
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Using the maximum and minimum hardness values, quartz has an anisot- 
ropy of 0.25 for the [01-0] disk, 0.24 for the disk of general orientation, 
and 0.11 for the [00:1] disk. As a comparison, the anisotropy of relative 
grinding hardness of diamond (4) is two which is, of course, the theo- 
retical maximum anisotropy defined by the above equation. The anisot- 
ropy of hardness of strontium titanate is 0.70 (1) and of silicon 0.26 (Qe 
No single crystal as yet studied has displayed isotropic grinding hard- 
ness (anisotropy of zero). 
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TEPHROITE FROM CLARK PENINSULA, WILKES LAND, ANTARCTICA 


Brian Mason, The American Museum of Natural History, New Vork. 


In January 1957 a United States base (Wilkes Station) was established 
on Clark Peninsula (about 66° S, 110° E), in Wilkes Land, in connection 
with the International Geophysical Year. Mr. Walter Sullivan accom- 
panied the expedition as a reporter for the New Vork Times, and while 
ashore at Wilkes Station he noticed a vein of black rock with a metallic 
sheen in the light-colored gneisses forming the bedrock of this region. He 
observed that the vein outcropped at several points on a ridge near the 
site of Wilkes Station, and that where it was exposed it was less than a 
yard wide. He also noticed green stains of malachite along joints in the 
country rocks. Mr. Sullivan collected a number of specimens and on his 
return to New York he gave them to the museum. Laboratory examina- 
tion showed that the black vein material consisted largely of the manga- 
nese silicate tephroite. Since tephroite is not a common mineral and has 
not been previously recorded from Antarctica the material has been in- 
vestigated in some detail. 

The specimens as collected are coated with a black iridescent film with 
a metallic luster, evidently a manganese oxide. On fresh fracture, how- 
ever, the material has a dark ash-gray color typical of tephroite; small 
grains of yellow spessartite are scattered through the tephroite, and 
occasional small patches of white barite and pink rhodonite are present. 
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The tephroite is granular, the individual grains being up to 3 mm. in 
diameter. 

In thin section the rock is seen to be a granoblastic aggregate of teph- 
roite, spessartite, rhodonite, and barite, of which tephroite makes up 
more than 90%. A small amount of black and reddish-brown alteration 
products is present along cracks. The spessartite has a very faint yellow- 
ish tinge and is completely isotropic. The tephroite and the rhodonite 
have a somewhat grayish tint in comparison to the spessartite; they are 
very similar in appearance, but the more pronounced cleavage and the 
much lower birefringence of the rhodonite aid in distinguishing it. The 
tephroite and the rhodonite contain numerous very small opaque inclu- 
sions. A few grains of a brown anisotropic mineral with very high refrac- 
tive index and straight extinction were seen in the thin section, generally 
in association with the spessartite; they are probably rutile. 

ihe thodomite has veiractive indices @=1./21, 6=1.725, 7y=1.732, 
very similar to those of a rhodonite from Harstigen, Sweden, described 
by Sundius (1931). These indices suggest a composition in which about 
20% of the manganese is replaced by calcium, iron, and magnesium. 
The spessartite has refractive index n=1.804 and unit cell dimension 
a=11.68 A. The diagrams of Sriramadas (1957) show that these proper- 
ties correspond to a composition of 84% spessartite component, 9% 
andradite, and 7% grossularite. 

In immersion liquids the grains of tephroite are generally colorless and 
transparent, but a few are stained yellow or brown by alteration prod- 
ucts. Thick grains show weak pleochroism, X=pale yellow, Z=pale 
blue. The refractive indices are ~a=1.770, 8=1.803, y=1.819. It is op- 
tically negative, 2V=71° (determined on the universal stage). The 
density of the tephroite is 4.08, and its hardness is 63. The luster is 
vitreous, inclining to greasy, and the streak is pale gray-brown. 

A sample of the purest material was carefully crushed and the teph- 
roite selected by hand-picking. Rhodonite and barite were readily re- 
moved in this way, but it was not possible to prepare a sample com- 
pletely free from spessartite. The analyzed material contains about 2% 
of spessartite. The chemical analysis was made by Dr. H. B. Wiik, and 
the results are as follows: SiO: 29.31, TiO» 0.05, AlsO3 0.48, Fe,O3 1.21, 
FeO 1.67, MnO 65.62, MgO 0.71, CaO 0.70, Na2O 0.07, K:0 0.00, 
P.O; 0.07, H.O+ 0.19, HxO— 0.02, CO2 0.00, total 100.10. The Al2Os 
percentage corresponds to the amount of spessartite observed in the 
analyzed material. If allowance is made for this, the molecular propor- 
tions of MnO+Mg0+Fe0+Ca0: SiO» is 0.9643:0.4720, or 2.00:0.98, 
in agreement with the formula Mn2SiO, for tephroite. In this tephroite 
there is little replacement of manganese by other elements, it containing 
over 94% of the Mn2SiO, component. In this respect it is comparable to 
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the tephroite from Franklin, New Jersey, described by Palache (1928). 

The lack of information regarding the local geology at Clark Peninsula 
makes it difficult to discuss the paragenesis of these manganese silicate 
minerals. The country rock, judging from the specimens which Mr. Sul- 
livan collected, is a coarse-grained quartz-andesine-biotite-almandine- 
cordierite-sillimanite gneiss. This association is typical of high-grade 
regional metamorphism. The assemblage tephroite-spessartite-rhodonite 
is compatible with crystallization at medium to high temperatures; this 
assemblage is stable at the liquidus in the system MnO-Al2Os3-SiO2 
(Snow, 1943). Mr. Sullivan describes the occurrence of the manganese 
silicates as a vein; it is also conceivable that it may be a narrow band of 
originally manganese-rich material which has been subjected to regional 
metamorphism along with the country rock. The association of tephroite, 
spessartite, and rhodonite is one that has been recorded at a number of 
places, for example, Altarnun, Cornwall (Russell, 1946); Kaso Mine, 
Japan (Yosimura, 1939); and Broken Hill, Australia (personal observa- 
tion). At Altarnun the mineral association probably represents a rhodo- 
chrosite deposit which has been subjected to contact metamorphism by 
a neighboring granite intrusion. The Kaso Mine deposit appears to be 
similar in origin. At Broken Hill the ore deposit containing the manga- 
nese silicates is located in an area of high-grade regional metamorphism, 
also characterized by almandine-cordierite-sillimanite gneisses. 

It is tempting to speculate on the possibility of the tephroite at Clark 
Peninsula being associated with economic minerals. Most other occur- 
rences of tephroite have been in ore deposits, as at Langban, Sweden 
(iron-manganese), Franklin, New Jersey (zinc), and Broken Hill, Au- 
stralia (lead-zinc). Mr. Sullivan’s observations of malachite staining in 
the country rock on Clark Peninsula may be significant in this respect. 


It is to be hoped that further geological information will be obtained 
from this region. 
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A SAMPLE HOLDER FOR DIFFERENTIAL THERMAL ANALYSIS 
OF FUSIBLE OR REACTIVE SAMPLES 


J. L. Fircu anv B. G. Hurp, Magnolia Petroleum 
Company, Dallas, Texas. 


The usual sample-thermocouple arrangement in differential thermal 
analysis (DTA) involves direct placement of the differential themocouple 
within the samples. With this arrangement, fusion or sintering of sam- 
ples makes sample changes difficult. Often, thermocouples are damaged 
beyond repair in attempting to remove them from the samples. Further- 
more, chemical attack by various materials may alter the electrical char- 
acteristics of the thermocouples, in addition to shortening their lives. 
The use of noble metal couples reduces these difficulties, but does not 
eliminate them. 

The use of external thermocouples facilitates sample changes and 
greatly prolongs thermocouple life. However, there have been objections 
to all previously suggested external thermocouple arrangements, and 
none have gained popular acceptance. Increased base line drift and loss 
of sensitivity and/or resolution have been the most serious difficulties 
experienced with the external couples. These problems are reviewed in 
recent books by Smothers and Chiang (1958) and Mackenzie (1957). 

The sample holder-external thermocouple arrangement described here, 
with amplification of the response, provides good sensitivity without 
serious base line drift. The holders are thin-walled platinum microcruci- 
bles, 12 mm. deep and about 12 mm. in diameter. They have a capacity 
of 1.3 cc. The bottom of each crucible is fitted with a closed-end center 
well 3 mm. in diameter and 6 mm. deep to accommodate the external 
thermocouple junction. The cylindrical well is made from platinum foil 
and is soldered to the crucible with a platinum alloy solder which melts at 
1500. C. 

The differential thermocouples used are platinum-platinum, 13 per 
cent rhodium made from B. & S. No. 28 gauge wire. The junctions are 
butt-welded. The thermocouples are housed in two-hole insulating 
spaghetti, about 2.5 mm. in diameter, and are mounted in an alundum 
cylinder used to seal one end of a tubular furnace. Quartz tubing, extend- 
ing through the support block and along most of the length of the spa- 
ghetti, encloses the thermocouples to add strength. 

The samples are supported in the furnace by the thermocouples them. 
selves. When the sample holders are slipped over the thermocouples, the 
junctions are automatically positioned in the center of the sample cruci- 
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Fic. 1. DTA sample holder. External thermocouple assembly. 


R 200°c 300° 400°C 
100°C 500°C 700°C 7 


B 600°C 900°C 000°C 


Fic. 2. DTA curves. (A) Quartz, Arkansas; amplification X50. (B) Magnesite, Luning, 
Nevada; X20. (C) Dolomite, Thornwood, New York; X20. (D) Montmorillonite, Osage, 
Wyoming; X20. (E) Halloysite, Eureka, Utah; X20. 
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bles. A thin coating of ‘‘Sauereisen” cement on the thermocouple junc- 
tions electrically insulates them from the sample holders. 

The assembly, with one sample holder in place, is shown in Fig. 1. 
The other sample container, resting on top of the alundum block, is 
tilted to show the center thermocouple well. The center insulating tubing 
houses two thermocouples used to monitor the furnace temperature. 
They are connected to a recorder and temperature controller. The entire 
assembly, which may be exchanged for a conventional nickel block as- 
sembly, is supported by a collar which moves freely on a tubular stand 
(not shown). Exchange of the two types of sample holders is facilitated 
by quick-disconnect thermocouple lead connectors. By means of a clamp 
and locator-pin arrangement the samples are quickly and accurately posi- 
tioned in the center of the furnace. 

The quality of the DTA data obtained with the external thermocouple 
and platinum holders is illustrated by typical DTA curves shown in 
Fig. 2. The authors find the curves entirely satisfactory for most DTA 
purposes. 
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SPONTANEOUS OXIDATION OF A SAMPLE OF POWDERED SIDERITE* 


WALDEMAR T. SCHALLER AND ANGELINA C. VLISIDIS, 
U.S. Geological Survey, Washington, D. C. 


In checking over the analyzed samples left by the late Dr. Roger C. 
Wells, former geochemist, U. S. Geological Survey, it was noted that a 
powdered sample from near Linden, Texas, labeled siderite, had a 
marked reddish color, suggesting considerable oxidation of the ferrous 


* Publication authorized by the Director, U. S. Geological Survey. 
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iron, A determination of the ferrous iron content, made by J. J. Fahey in 
1944, yielded the unexpected low result of only some six per cent FeO, 
a very considerable decrease from the original figure of 59 per cent de- 
termined by Wells in 1915. About 90 per cent of the original FeO con- 
tent had spontaneously oxidized to Fe2O3 within a period of 29 years. 
Since 1944 the oxidation has continued and now (May 1958) the per- 
centage of FeO is less than one per cent. The color of the sample in 
May 1958 is very close to Ridgway’s ‘“Mahogany Red,” Plate II, 7. 
R-O. k, and its smear is very similar to the adjoining ‘‘Burnt Sienna.” 

The occurrence of this siderite iron ore from the vicinity of Linden, 
Cass County, Texas, is given by Burchard (1916, p. 79-86). The analysis 
(Wells, 1937, p. 95-96) was made on an “average sample cleaned car- 
bonate ore.’’ As was customary in those days, the sample was powdered 
in a mechanically driven agate mortar, probably running for the better 
part of a day. Wells’ analysis (FeO 59.42, MnO 0.13, CaO 0.16, CO» 
36.54, SiOz 1.10 Fe2O3 0.40, AleO3 1.02, P2Os 0.11, S 0.05, H2O- 0.15, 
H.O+ 1.05, TiOs 0.04, total 100.17) indicates an unusually pure siderite, 
the FeO content of the siderite being raised to 61.74 per cent (calculated 
percentage of FeO for FeCO; being 62.01) after deducting nearly four 
per cent of impurities. These figures indicate that very little if any FeO 
was oxidized during the grinding. 

The powdered sample was preserved in a glass tube closed with a cork 
stopper and lay in Wells’ laboratory drawer undisturbed from 1915 to 
1944 except for the transfer involved in moving into a new building in 
1917. About 1950 the sample was transferred to a screw-top glass jar. 

After Fahey’s determination of FeO in 1944, no additional determina- 
tion was made for a period of 10 years. In 1954, a determination of FeO 
gave a value less than half the amount found by Fahey, and it became 
evident that the ferrous iron content of the powdered sample was being 
spontaneously reduced as a function of time, and more frequent deter- 
minations were then run. 

The results so far obtained, for decreasing percentages of FeO in a 
sample of powered siderite as a function of time are as follows: 


Date Time in Years Analyst Percentage FeO 
March 1915 — R. C. Wells 59.42 
May 1944 29 J. J. Fahey 6.23 
May 1954 39 A. C. Vlisidis 2.38 
May 1956 41 A. C. Vlisidis - 1.70 
June 1957 42 A. C. Vlisidis 1.20 
May 1958 43 A. C. Vlisidis 0.74 
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In September 1955, Fred A. Hildebrand (U. S. Geological Survey, 
written communication) reported, on the basis of an x-ray pattern (film 
no. 8675), that the sample was ‘“‘... hematite with small to moderate 
amounts of goethite and siderite and trace of quartz. The hematite ap- 
pears to be poorly crystalline and has a unit cell somewhat larger than 
normal hematite.” The trace of quartz is 1.10 per cent of SiO. by Wells’ 
analysis. 

Plotting the percentages of FeO shown above against time (years) and 
extending a straight line through the last five points, suggests that in 
early 1960, about 45 years after Wells’ analysis, all the ferrous iron will 
have spontaneously oxidized to ferric iron. 

These results lead to speculations on the history of natural deposits 
of ferric iron oxides. How many of these were at one time ferrous carbon- 
ates? These speculations we leave to the geologists. Burchard (1916, p. 
76) noted the partial oxidation of nodular masses of siderite to iron oxide 
on Bowie Hill, Cass County, Texas, stating, ‘‘The iron carbonate is in 
general partly altered to limonite or to reddish hydrated oxides of iron, 
which form a scale or crust of varying thickness around the carbonate 
nucleus and along cracks which intersect the masses.’’ A massive sample 
of siderite perhaps could be protected from further oxidation by a sur- 
face layer of ferric oxide whereas no such crust of oxidized iron would 
form in a powdered sample. 

What was it that caused the spontaneous, almost complete oxidation of 
this sample in approximately 43 years? Specimens of siderite in collec- 
tions remain unoxidized for much longer time. Was there a latent after 
reaction due to the mechanical and thermal effects produced by, induced 
by, or accompanying the grinding of the sample? 
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A QUANTITATIVE CORRECTION FOR THE HOLMES EFFECT 
Joun W. Caun, General Electric Research Laboratory, Schenectady, N.Y. 


The Holmes effect (1) arises in modal analysis because it is impossible 
to confine the observation to a single plane in a transparent specimen. 
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Thus when looking at a thin slice there is a tendency to measure the 
particle’s projected area instead of its area of intersection with the sur- 
face of the slice. This leads to an over-estimate of the area fraction and 
also of the volume fraction which is derived from it. The correction is es- 
pecially serious for small grain diameters or cross sectional areas. 

In a recent paper on quantitative transmission metallography, Cahn 
and Nutting (2) developed a set of expressions which relate quantities 
measured on the projected plane to parameters in the metal specimen. 
One of these relations can be used for an accurate quantitative correction 
for the Holmes effect. 

The expected projected area fraction f4 of a phase, for a slice of thick- 
ness /, is given by (2) 


fa=fyrr a! (1) 


where fy is the volume fraction of this phase and S is the total surface 
area per unit volume. This equation holds true for convex particles of 
any shape although it ignores overlap of two or more particles on the 
plane of projection. This overlap is only a problem when the slice thick- 
ness is many times the grain diameter and need not concern us here. A 
first order correction was developed by Cahn and Nutting. 

The derivation of the equation is quite straightforward. Consider the 
elements of grain surface in the interior of the slice. If the slice is ob- 
tained by a random section, these surfaces on the average will be so. 
inclined that their projected area is half of the actual area (3). How- 
ever the surfaces created by the intersection of the grains with the plane 
of section are always normal to the light beam, and thus their projected 
area is equal to their actual area. If the particles are convex then every 
element of projected area results from two surfaces in the specimen. 

From the Delesse relation (1) the area fraction on the plane of section 
is expected to be equal to fy. The surface area in the interior of the slice is 
expected to be S?. Thus the equation is proven. 

In order to obtain a useful correction for the Holmes effect S must be 
evaluated. This can be done in a quite straightforward manner based 
on relations derived by Smith and Guttman (4). They give for S either 


or 


where /is the total particle perimeter observed on plane of section and A 
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is the section area, or V is the number of intercepts of grid lines with the 
particles or grain surfaces and L is the total length of grid lines. Thus 


Nt 
fv =fa— on 
or 
fv =fa-— (2) 


It should be pointed out that in the measurement of S there will again 
exist an effect analogous to the Holmes effect in that the perimeter, or the 
number of intersections will appear to be larger than they actually are. 
This is a second order correction, however, which may also be easily es- 
timated. 
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GRAPHICAL REPRESENTATION OF AMPHIBOLE COMPOSITIONS* 


J. V. Smiru, The Pennsylvania State University, 
University Park, Pennsylvania. 


Compositional variations of amphiboles are complex and difficult to 
memorize. As data are generally more easy to assimilate in a visual than 
in a mathematical form, a graphical representation is desirable. 

Amphiboles fall readily into two groups, 


anthophyllite and cummingtonite formula A2BsCsO22D2 


where 
A is largely Mg, Fe? 
B is Mg, Fe?, Al, Fe? etc. 
GaissiyAl 
DisiOHer CE 


* Contribution No. 58-21, College of Mineral Industries, Pennsylvania State University. 
University Park, Pennsylvania. 
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calcium-sodium amphiboles formula E: to 3B5CsO22D» 


where E is Ca, Na, K etc. 

In the first group the two important substitutions are Mg for Fe® and 
2Al for Sit+(Mg, Fe?). Consequently this group of amphiboles can be 
graphically displayed on a square diagram with corners Mg7SisO22(OH)s, 
Fe7SisO22(OH)», Mg;AleSigAloO22(OH) 2, Fe; Al SigAl2Ov2(OH)> as is already 
well known (Winchell and Winchell, 1951). 

In the second group, compositional variations are more complex, for 
there is interaction between ions of four different valencies. Sundius 
(1946) has determined a complete list of end members and his results and 
nomenclature will be adopted here. Hallimond (1943) has devised a 
graphical representation for calcic amphiboles with Ca=2. The diagram 
consists of a quadrilateral (Fig. 1) with apices 

{tremolite CazMg;SisOo(OH),» fedenite CagNaMg;AlSizOx2(OH)»2 

\actinolite CazFe;SisO22(OH)» \ferro-edenite CazNaFe;A1Si7022(OH)2 

{pargasite Ca2NaM gyAl3SigO22(OH).2 {tschermakite CazM g;Al,SigO22(OH)2 

\hastingsite CasNaFe,Al3SigO22(OH)2 \ferro-tschermakite Ca2Fe;Al;SigO22(OH)2 

In this diagram Mg and Fe are included together; by erecting a ver- 
tical ordinate on this base the variation between the Mg and Fe and 
members can be shown, as, for example, in Winchell and Winchell (1951). 

If, instead, a vertical ordinate is used that expresses the variation 
CaAl—NaSi, the relationship between calcium and sodium amphiboles 


MgSi to AIA 


Fic. 1. Three-dimensional diagram showing the compositional variation in amphiboles. 
Tr, tremolite: Ts, tschermakite; Ed, edenite; Pa, pargasite; Ri, richterite; Ec, eckerman- 
nite; Gl, glaucophane. The inset diagram shows the atomic substitutions that form the 
basis of the large diagram. 
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can be readily seen (Fig. 1). When all the Ca has been exchanged for Na, 
pargasite (hastingsite) and tschermakite (ferro-tschermakite) are trans- 
formed into eckermannite Na;Mg,AlSisQx(OH). (arfvedsonite Nas- 
FesAlSisO22(OH)2) and glaucophane Naz:Mg;3Al,Sis02(OH)» (riebeckite 
NaFesAloSisO22(OH)2). When only one Ca has been exchanged edenite 
(ferro-edenite) is turned into richterite CaNasMgsSigQo(OH)» (ferro- 
richterite CaNazFesSisOx(OH)2). 

The possible compositional variations of calcium-sodium amphiboles 
can be deduced from a crystal-chemical study of the amphibole structure, 
and readily visualized from the diagram. The upper limit of the diagram 
is simply fixed by the requirement that Ca does not fall below zero. Only 
rarely in published analyses is Ca greater than 2, and perhaps these excep- 
tions are caused by analytical error. This fixes the lower limit of the dia- 
gram. The third limiting factor is that Si cannot be greater than 8 as 
only eight sites of tetrahedral coordination exist in the amphibole struc- 
ture. In the diagram the plane with Si=8 passes through eckermannite, 
glaucophane, tremolite and richterite. All compositions to the left of this 
would have Si greater than 8 and therefore are forbidden. The fourth 
factor is that Ca+Na cannot be greater than 3, the number of large 
holes in the structure. Thus all compositions behind the plane defined by 
edenite, richterite, eckermannite and pargasite are forbidden. Fifthly, the 
sum of Ca+Na does not fall below 2 except in a few analyses, the struc- 
tural reason apparently being that the large holes occupied in anthophyl- 
lite must be completely filled in all amphiboles. All compositions in front 
of the plane tremolite, glaucophane and tschermakite are therefore pro- 
hibited. The Mg+Fe? content provides the sixth criterion, for only 5 
sites in the structure are available for these ions. Consequently all com- 
positions to the left of the plane tremolite, edenite and richterite are for- 
bidden. The final criterion is a practical one. Compositions to the right 
of the plane defined by pargasite, tschermakite, glaucophane and ecker- 
mannite rarely occur, which means that the substitution of Al in the 
amphibole structure is limited to considerably less than the theoretical 
maximum. Thus the compositional variation of hornblendes is limited to 
a wedge-shaped region with one corner cut off. 

Difficulties arise when actual analyses are plotted on the diagram. For 
each of the four valence states, planes can be erected which express the 
amounts of the ions. Ideally the four planes should meet in a point but 
in practice discrepancies occur, some of them very large. The reasons for 
these have not yet been fully evaluated, although four can be readily 
suggested; error in the chemical analysis together with impurity in the 
analyzed material, occurrence of Mg and Fe in the large holes normally 
occupied by Na and Ca (equivalent to solid solution between a horn- 
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blende and the anthophyllite-cummingtonite series); replacement of 
OH- by O-- (the oxy-hornblende reaction) or the presence of an atomic 
substitution not considered in Sundius’s scheme. The relative significance 
of these possibilities together with a way of recognizing them will be 
considered in a later publication. The diagram is presented at this time 
because of the hope that it will prove of help (especially to students) in 
visualizing the broad compositional variations of amphiboles. 

The assistance obtained from a National Science Foundation grant is 
gratefully acknowledged. 
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THE NEAR INFRARED SPECTRUM OF BERYL 


KENNETH A. WICKERSHEIM AND ROBERT A. BUCHANAN, University of 
California, Los Angeles, California. 


Several references to the Raman and infrared absorption bands of . 
beryl in the 2.7 micron (3700 cm.~!) region have appeared in the litera- 
ture during the past twenty-six years. Nisi (1) observed a Raman band at 
3607 cm.! using as a sample a clear, light green, hexagonal prism of 
beryl. No attempt was made to account for this frequency. Later Matossi 
and Bronder (2) reported the infrared spectrum of a sample of aqua- 
marine taken with an instrument of low resolving power. Two strong 
bands were observed near 3600 and 3700 cm.-!. In addition weaker clus- 
ters of bands were observed in the 5000 and 7000 cm.—! regions. Matossi 
and Bronder felt that these bands were too intense to be due to a water 
impurity in the beryl, arguing that a 1 per cent impurity would be 
possible, but that the intensity of the bands would indicate a 5 to 10 per 
cent impurity. They suggested that the bands could be due to a hydroxyl 
impurity and to multiple combinations of silicate frequencies. 

Lyon and Kinsey (3) studied a narrow region of the spectrum in the 
vicinity of 3700 cm.~! under higher resolution using a grating spectrum- 
eter and a sample of beryl 0.2 mm. thick. They found two intense bands 
whose centers were estimated to be 3598 and 3690 cm.-! plus a weak 
shoulder on the high frequency side of the second band. They identified 
these bands with envelopes of certain rotation branches of the sym- 
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metric and antisymmetric stretching frequencies of the water molecule 
and accounted for the freedom required for rotation by means of an in- 
teresting hypothesis. They suggested that the water occurred as a mono- 
meric impurity in the large open channels of the beryl crystal. 

Eitel (4) also refers to the possible occurrence in these channels of 
molecular impurities. Among the impurities he names water and several 
alkali hydroxides. 

Wilmarth, Warner, Hosler and Cameron (5) state that “alkalis and 
alkaline earths, principally soda, constitute as much as 4 per cent of 
many beryls, and constitutional water up to 2.7 per cent.’’ These authors 
suggest the possibility of the occurrence of hydroxyl ions substituted for 
oxygens in the silicate rings of the crystal itself. 

The articles referred to above suggest three possible explanations for 
the near infrared absorption bands of beryl. The bands may be (1) due 
to water molecules either free or weakly bound in the channels, (2) due to 
alkali or alkaline earth hydroxide molecules in the channels, or (3) due to 
hydroxyl groups incorporated into the beryl structure through substitu- 
tion for oxygen. 

Because of their frequencies there seems to be little doubt but that the 
fundamentals observed in the 3700 cm.“ region arise from OH stretching 
vibrations associated with hydroxyl or water impurities. The work to be 
reported here represents an attempt to see what further information 
could be obtained from a purely spectroscopic study of beryl. Several 
different samples of beryl were studied to determine whether the im- 
purities varied from sample to sample. Polarized radiation was employed 
to determine the degree of orientation of the impurities relative to the 
crystallographic axes. And all spectra were taken under high resolution 
over a much wider region than that observed by Lyon and Kinsey. 

The grating spectrometer used in this study was the same one used by 
Lyon and Kinsey (3) but with its range extended and modified to operate 
with an AC detection system. A selenium film polarizer was mounted 
just in front of the sample at the exit slit of the instrument. The spectral 
slit width of the spectrometer varied from 3 cm.! at 3 microns to about 
10 cm.~! at 1 micron. All band centers quoted in this article are believed 
to be accurate to within 3 cm.". 

The beryl samples were selected from gem lots provided by the O’Brien 
Lapidary Equipment Company of Los Angeles. These lots were labeled 
only as to national origin. Sample 1 was a clear, medium blue, hexagonal 
prism 15 mm. long and 5 mm. in diameter from Madagascar. Samples 2, 
3 and 4 were all rough fragments from Brazil and were respectively 
pale blue, medium pink and colorless. All samples were clear except 
Sample 2 which had fibrous inclusions. 
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Sample plates were cut from each specimen of beryl using standard 
faceting techniques and equipment. These plates were thinned in steps 
with absorption spectra being taken at each step. 

The polarized absorption spectra obtained from the four pieces of beryl 
are shown in Fig. 1. Certain facts are immediately evident from the spec- 
tra. The frequencies of absorption are not the same in all samples. For 
example in the spectrum of Sample 3 no absorption bands agree with the 
bands of any other sample. On the other hand, where identical absorp- 
tion bands do occur in different samples their intensities sometimes differ 
strikingly for similar sample thicknesses. And the relative intensities of 
the bands within a spectrum sometimes differ from sample to sample. 
These effects indicate that more than one type of molecular impurity 
can occur in beryl and that the concentration of each type of impurity 
can vary considerably. 

Another obvious fact is the high degree of orientation of the absorbing 
entities relative to the ¢ axis of the crystal as indicated by the strong 
dichroism of the bands. This would seem to rule out the occurrence of 
free molecular rotation within the crystal. 

Let us consider for the moment the spectra of Samples 1, 2 and 4, since 
these show distinct similarities to one another while the spectrum of 
Sample 3 is completely dissimilar. The three strongest bands observed 
in these samples are centered at 3598 and 3700 cm.! (both polarized 
parallel to the c axis) and at 3663 cm.“! (polarized perpendicular to the ¢ 
axis). The first two bands are apparently those observed by Matossi and 
Bronder and by Lyon and Kinsey. The two stretching fundamentals of 
the water molecule should be polarized at right angles to one another. 
Thus the first two bands mentioned above cannot both be associated 
with the two water stretching vibrations. As further evidence for this 
statement we note that in Sample 1 the band at 3700 cm. is distinctly 
stronger than the band at 3598 cm.! while in Sample 4 the band at 3598 
cm.' is the stronger of the two. It would appear that these two bands 
arise from entirely different impurities. 

We might however relate the antisymmetric stretching frequency of 
the water molecule to the 3700 cm.! band and the symmetric stretching 
frequency to the 3663 cm. band. First and second overtones of these 
two fundamentals appear in the 7100 and 10,400 cm. regions. In addi- 
tion strong combinations of these fundamentals and overtones with a 
frequency of 1540 to 1600 cm. (or a multiple thereof) occur, giving rise 
to bands in the 5300, 6800 and 8700 cm. regions. The water molecule 
possesses a third (bending) mode of vibration, the fundamental frequency 
of which falls in the vicinity of 1600 cm.. The appearance of strong 
combinations involving such a frequency is probably the best evidence 
that it is water which gives rise to the 3663 and 3700 cm.-! fundamentals. 
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The high frequency of these fundamentals and the narrowness of the 
bands would seem to indicate that the water molecules are monomeric 
and at most only weakly bound to the lattice. On the other hand, the 
strong polarization of the bands would imply that the water molecules 
are strongly oriented with their H—H distances parallel to the ¢ axis of 
the crystal. It seems most likely then that the water molecules occur 
singly in the channels with the above-mentioned orientation. 

The fundamental at 3598 cm.~! is also polarized parallel to the c axis 
of the crystal. This band comes the nearest of any of the strong funda- 
mentals to agreeing with the Raman band observed by Nisi at 3607 
cm.—!. The strong orientation of this band, its high frequency and nar- 
rowness and its apparent independence of other bands in this region 
combine to suggest that it belongs to an alkali or alkaline earth hydroxide 
molecule lying lengthwise in the beryl channels. 

Numerous weaker bands are found in the regions immediately adjoin- 
ing the strong fundamentals mentioned above. Some of these bands ap- 
pear to be low frequency combinations with the fundamentals. For 
example at 170 cm. the frequency appears to combine to produce both 
summation and difference bands with the 3700 cm.—! fundamental and 
with its overtones and combinations. This 170 cm. frequency could cor- 
respond to a weakly hindered rotation of the water molecule. 

On the other hand many of the weaker bands seem to be unrelated to 
any of the fundamentals previously mentioned. These bands may be 
fundamentals in their own right arising from weaker impurities, or they 
may be combinations and overtones of lower, unobserved vibration fre- 
quencies. 

The spectrum of Sample 3 is very different from the spectra of the 
other samples. There are three fundamentals, all imperfectly polarized 
but strongest parallel to the c axis, with centers at 3479, 3583 and 3653 
cm.-. First overtones of these fundamentals are found at 6745, 6997 
and 7138 cm.~'. A complex set of weaker absorption bands appears on 
the high frequency side of the three fundamentals. The fundamentals 
of Sample 3 show less dichroism and are somewhat broader than the 
fundamentals of Samples 1, 2 and 4. Thus if any of the samples of beryl 
contain bound hydroxyl groups substituting for oxygen, Sample 3 is the 
most likely prospect. 

It is clear that this study has not solved the entire problem. In order 
to relate the spectra to specific impurities it would be best to correlate 
the spectroscopic study with a program of controlled synthesis of beryl. 
The idea of such a synthesis with controlled impurities is appealing from 
the standpoint of the physicist or chemist since it contains the possibility 
of isolating and orienting for spectroscopic study a variety of small 
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molecules in the beryl channels. On the other hand, assuming that a 
detailed identification of absorption bands can eventually be made, the 
infrared spectrum of beryl should be useful to the mineralogist in the 
identification of impurities and in the determination of their concentra- 
tions. 
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THE SYNTHESIS OF UVAROVITE 


S. GELLER AND C. E. Miter, Bell Telephone Laboratories, Incorporated, 
Murray Hill, New Jersey. 


As part of another investigation, we recently attempted the prepara- 
tion of the garnet CasCre(SiO,)3. The direct synthesis of this garnet has 
been reported by Hummel (1) whose results we have corroborated only 
in part. 

The largest amount of garnet phase was produced by heating the 
pressed mixture of reactants (3CaO+Cr203+3SiO2z) at 1400° C. for 2 
hrs. The extra phases present were a-CaSiO; and Cr,03. Three samples 
heated at 1200° C. for 47, 125 and 192 hrs. gave only very small amounts 
of garnet phase and large amounts of the a-CaSiO;3 and Cr2O3. . 

The powder data for the garnet phase are given in Table 1. The lattice 
constant of the synthetic uvarovite is 12.00+0.02 A. 

Menzer (2) has reported a lattice constant of 11.974+0.003 A for an 
uvarovite specimen from Sysma, Finland. The chemical analysis of this 
sample indicated the presence of 1.93% Al:Os, 0.41% Fe:O3 and 0.50% 
MgO impurities. A sample from Bissersk in the Urals reported by Men- 
zer had a lattice constant of 11.969+0.013 A but larger amounts of 
Al.O; (5.8%) and MgO (~1.3%). This sample also had larger amounts of 
iron, probably 2.0% in terms of Fe2Os, than did the sample from Finland. 

We have obtained two samples of natural uvarovite of which the 
lattice constants have been measured but no chemical analyses made. 
One, obtained from Ward’s Natural Science Establishment, originally 
found in Orford, Quebec, was crystallized on tremolite. The crystals were 
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TABLE 1. PowpER DATA FOR SYNTHETIC UVAROVITE 
(CrKq@ RapiATION) 


hkl dobs Weate it 
321 Soil Soil WwW 
400 3.00 3.00 m-s 
420 2.68 2.68 s 
332 ZOO 2.56 vw 
422 2.45 2.45 m 
431 DUS) LS Ww 
521 2.19 2.19 Ww 
611, 532 1.95 1.95 w-m 
620 1.90 1.90 vw 
444 Lil | QP vw 
640 1.663 1.664 m 
642 1.602 1.604 m-s 
800 1.499 1.500 Ww 
840 1.341 Lee w-m 
842 1.309 1.309 m 
565, 921, 761 1.294 1.294 Ww 
664 1.279 1.279 w-m 


very small and included an impurity phase. The other sample* from 
Outokumpu, Finland, was obtained from Dr. G. Switzer of the Smith- 
sonian Institute. Both samples have the same lattice constant, 11.931 
+0.005 A, within experimental error. This value is significantly smaller 
than that of the synthetic; presumably there are substantial amounts of 
Al** and possibly Fe?+ and/or Mg?+ ions in these samples. 
Recently, Gillery (3) reported the lattice constant 11.87 A for an 
uvarovite specimen from Orford, Quebec. However, that specimen con- 
tained 36.7% SiOs, 33.2% CaO, 17.5% AleOz, 6.2% CreOz, 5.0% FeO, 
0.81% MgO. Thus, for Gillery’s sample, a lattice constant much closer 
to that of grossularite, CasAl,(SiO,)3 should be expected; for a pure syn- 
thetic grossularite, the lattice constant is 11.851 A (4) 
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* Smithsonian sample designation No. 106829. 
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FURTHER STUDIES ON 6CaO:3Si0.-H,0* 


LESLEY DENT GLASSER AND DELLA M. Roy, The Pennsylvania Stale 
University, University Park, Pennsylvania 


INTRODUCTION 


In the course of studies in the system CaO-SiO.-H2O (1), several new 
calcium silicate hydrates were prepared. One of these, CoSH,,t termed 
“Phase Y” by Roy, was found to be in equilibrium with a’-C2S and 
water above 800° C. at about 1000 atm. water vapor pressure. Deter- 
mination of weight loss on heating to 1250° C. gave the formula C.S3H. 

Small single crystals have been obtained, and the unit cell determined. 
The power data have been indexed, and in addition dehydration and 
D.T.A. curves have been obtained. 


Wisaae (Crpieae: 


The compound crystallizes in small prisms. Rotation and oscillation 
photographs about all axes, together with Ok/, 1kl, 2kl, hOl, and hkO 
Weissenbergs were taken. They showed the unit cell to be triclinic; the 
cell constants, refined by comparison with the powder data, are given 
in Table 1. Both real and reciprocal spacings are quoted, since the latter 
are often the more useful. The prism axis is a. Evidence was found of 
twinning on (010). 

The powder data were indexed by direct comparison of rotation and 


TABLE 1. Unit CELL PARAMETERS FOR 6CaO-3Si02-H20 


Real cell Reciprocal cell (A=1.542 A) 
a 6.84 A (all + .02) a*  .2297 r.u. (all + .0005) 
b 66.94 b* 2244 
@ PSY) C206 
a 90°45’ (all +10’) GE OY Ea aes) 
(53 yay Be Senge 
y 98°16’ y* 81°33' 


V=601 A’ G=2.94, Z=1.99. 


* Contribution No. 58-34. The Pennsylvania State University, College of Mineral In- 


dustries, University Park, Pennsylvania. 
+ Standard cement chemical nomenclature (C=CaO, S=SiOs, H=H:0O) will be used 


throughout. 
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powder photographs taken on the same 6cm. diameter camera, and the 
indices assigned were checked against a list of the strongest intensities 
found on the Weissenberg photographs. Once the indices of most lines 
had been fixed by this method, the cell parameters were refined to give 
the best agreement with accurate d values; these were obtained using a 
Norelco wide range diffractometer with filtered copper radiation and 1° 
slit. The instrument had been calibrated against a silicon standard. 

It was considered impracticable to carry the indexing below about 
d=2 A, since at such small spacings it is difficult to obtain unambiguous 
indices. Down to this point the indexing is satisfactory, and the agree- 
ment between observed and calculated d values is good. 


D.T.A. CuRVES 


A differential thermal analysis was made on two samples dried at 
110° C.; quartz was used as reference standard and the rate of heating 
was 5°/min. In each case, one large endothermic peak was found, at 
700%. 


DEHYDRATION CURVES 


Dehydration curves were determined by heating the sample in a hori- 
zontal furnace regulated by a temperature controller; the temperature 
was measured by a chromel-alumel thermocouple placed immediately 
above the sample. Nitrogen was passed through tubes freshly packed 
with soda-lime and silica gel and then through the furnace to provide 
an inert atmosphere. About 100 mg. of sample was contained in a 300 
mg. Pt microboat. This was heated to successively higher temperatures 
and weighed, at intervals of 12 hours, to essentially constant weight 
(within about 0.1 mg.). Extra sample was placed in the furnace, to permit 
portions to be removed and examined at various stages. 

Runs were made on two samples (Fig. 1), both of which had previously 
been dried at 100° C. In each case there was a loss at about 550° C. and 
a second, larger, loss at about 650° C. After complete dehydration, the 
product was 6-C2S. The loss at 650° was the same for both samples, and 
agrees with the water content as originally determined by Roy. It pre- 
sumably corresponds with the 700° D.T.A. peak and is not inconsistent 
with the data of Roy (1) for the equilibrium hydrothermal decomposition 
of Phase Y. The loss at 550° was much greater in sample A than in sample 
B; a portion of A was withdrawn at the point P in Fig. 1, and its diffrac- 
tion trace showed that it was still essentially Phase Y. This confirms 
Roy’s formula, but leaves the earlier loss unexplained. Examination of 
the diffraction patterns of the starting materials showed that sample A 
had two lines with pronounced intensity differences as compared with the 
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Fic. 1. Dehydration curves for samples A and B (see text). Principal weight-loss at 
about 650° corresponds to dehydration of Phase Y. Sample removed at P is essentially 
unchanged. 


standard pattern for Phase Y; these lines are indicated with an asterisk 
in Table 2. In the sample withdrawn at point P, the intensity of these 
lines was normal, and a new line had appeared at about 3.12 A. Sample 
B before heating also showed this intensity difference, but to a much 
smaller degree. The correlation between intensity variation and water 
loss at 550° suggested that a small amount of some other phase might be 
present. Re-examination of diffraction traces from the earlier work re- 
vealed that slight intensity differences had occasionally shown up before, 
and that once or twice the line at 3.12 A had been found. In all cases the 
effects had been very small, and, since they had not been consistent, had 
been regarded as spurious. The extra lines did not appear to correspond 
to any of the known calcium silicates, hydrous or anhydrous, or to lime 
or calcite. 

Optical examination of the initial material showed that a small amount 
of a fibrous substance was present. Some of this was sorted out by hand, 
and a powder photograph was taken. The pattern obtained, which 
showed strong preferred orientation effects, was similar to that of hille- 
brandite. This is consistent with the observed dehydration temperature, 
550°. The two lines noted above in the diffractometer pattern might 
conceivably correspond to those noted at 3.33 and 3.02 A in natural 
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TABLE 2. PowpER DaTA AND INDICES FOR 6CaO-3SiO2- H20 


aye Int. eaves hkl eps Int. deale. hkl 
6.87 010 2.736 10 2.747 212 
oe oS 6.71 100 ra nO 2.717 023 
ai A 18) 
4.61 10 4.61 012 2.633 023 
2.634 15 2.630 123 
3.435 70 3.435 020 2.632 114 
Serr B {201 2.594 2 2.599 220 
Pegs a oe8 \ 200 2.556 25 2.556 005 
3.293 20 3.291 021 2.488 2 2.483 204 
3.258 25 3,258 120 2.473 2 2.475 222 
3.209 5 3.207 210 2.291 105 
ce .290 100 
*3 067 50 3.067 022 Bee 2.290 030 
2275 214 
.270 5 Z 
2.986 40 2.986 022 224 2.272 130 
2.890 25 2.891 120 2.243 2 OS 301 
{2.863 211 ~ 27159 301 
arias 18 | 2.864 122 mois : 2.134 032 
203 
2.823 35 2.823 ae 


hillebrandite (2), although it has been pointed out (2) that the synthetic 
material usually shows shorter, rather than longer, spacings. Preferred 
orientation could account for the apparent absence of the rest of the pat- 
tern in the diffractometer trace. On the whole, the evidence is not tco 
satisfactory on this point, but it seems fair to assume that the extra 
phase is a hillebrandite-like material. If the extra phase is assumed to 
have a water content similar to that of hillebrandite, recalculation of the 
water content of Phase Y raises it to 2.1-2.2 mols. per cell, which does 
not materially alter the conclusion regarding the formula. 


CELL CONTENTS 


It was felt that it would be hopeless to attempt to determine the den- 
sity of such tiny crystals by conventional methods. The density vas 
therefore calculated from the refractive indices of the crystals, using the 
adaptation of the Lorentz-Lorenz equation derived by Howison and 
Taylor (3), which usually gives values correct to within +2%. This 
gives a value of 2.94; on this basis Z=1.99, and the cell contents are 
12CaO-6Si0O2-2H2O. 

The conditions of formation and dehydration suggest that the water 
may be present as hydroxyl groups not attached to silicon. Gard and 
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Taylor (4) point out that calcium silicates containing water as mole- 
cules, or as hydroxyl attached to silicon, such as afwillite (5) or tober- 
morite (6), tend to be formed hydrothermally, and to dehydrate, at 
much lower temperatures. The temperature of dehydration of Phase Y 
is much more nearly comparable to those of xonotlite (7) and foshagite 
(4) which are considered to contain water as hydroxyl groups not at- 
tached to silicon. For xonotlite, this has been established by a structure 
determination (8). If Phase Y really does contain its water as hydroxyl 
not attached to silicon, the constitution (for the unit cell contents) is 
CarSigOx2(OH)s, which implies the presence of SiO; groups, together 
with either SiO, groups or oxide ions. Such a mixture of groupings has 
been reported for epidote and zoisite (9), and it might well account for 
the awkwardly shaped unit cell. On the other hand, the prism axis, a, 
(6.84 A) is similar in length to 6 (6.76 A) for B-C2S (or c, the prism axis 
of a’-C.S). Together with the high refractive indices, this suggests a 
possible similarity in structure. However, examination of the pseudo- 
morphs formed by dehydrating the original material gave no evidence of 
preservation of order, implying that there is no simple relationship. 
Without further work, it is not possible to make even a guess at the 
structure. 
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POLYMORPHISM IN BARIUM DISILICATE 


Rozsert §. Rota AND Ernest M. Levin, National Bureau of Standards, 
Washington, D.C. 


The question of polymorphism in barium disilicate has recently been 
discussed in this journal by R. M. Douglass (1958). Although Rogers 
(1932) postulated dimorphism of BaSi,Os in order to reconcile his optical 
data with those of Bowen (1918) and Escola (1922), Douglass found no 
evidence of polymorphism in his own experiments. Douglass compared 
his indexed «x-ray diffraction powder pattern of the mineral sanbornite 
with the pattern published by Austin (1947) for BaO-2SiO». He corre- 
lated the (112/004) doublet of sanbornite occurring at 3.422 A with the 
3.55 A peak in Austin’s pattern. However, if a calculation of Austin’s 
pattern is made, it can be seen that the 3.55 A peak is well beyond the 
limit of error of any d spacing which can belong to the sanbornite struc- 
ture. 

Douglass (1958) further states that: “‘“An uninterpreted powder pat- 
tern for BaO:-2SiO: given by Levin and Ugrinic (1953) contains many 
lines for which there are no corresponding calculated spacings” and con- 
cludes that “‘in the material of Levin and Ugrinic the preponderant phase 
was not BaSi.O; of sanbornite structure.” 

In the present study the material used by Levin and Ugrinic was re- 
examined. Using a modern high angle diffractometer it was found to have 
an x-ray diffraction pattern essentially the same as that reported in 
1953. However when the material was reheated at temperatures below 
about 1350° C. for many hours it slowly transformed to a low tem- 
perature form. This phase has an x-ray powder pattern the same as that 
reported by Douglass (1958) for sanbornite. Material having the san- 
bornite structure slowly inverted above about 1350° C. to the high- 
BaSi,0O5 form. This form is characterized especially by the diffraction 
peak at about 3.55 A or 25.1° 20 for CuKa radiation. 

Therefore polymorphism in barium disilicate has been definitely es- 
tablished. The phase transformation takes place at about 1350° C. and 
is sluggish but reversible. The indices of refraction of the two poly- 
morphs differ by less than two thousandths. Thus the two forms can only 
be distinguished with confidence by the x-ray diffraction method. The 
«-ray patterns reported by Austin (1947) and by Levin and Ugrinic (1953) 
represent the high temperature form of BaSi,O;. The pattern of san- 
bornite given by Douglass (1958) is the first x-ray pattern of the low 
temperature form of BaSi.O; to be published. 
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After the elucidation of the crystal structure of sanbornite, Douglass 
(1958) also questioned the occurrence of solid solution in BaSi,O;. He 
doubted that the sanbornite structure could accommodate sufficient 
change in the BaO to SiO; ratio to account for the complete solid solution 
between BaO- 2SiO, and 2BaO : 3SiOs, as first reported by Escola (1922). 
The solid solutions reported to occur at the liquidus are with the high 
temperature form of BaSi.O; rather than with sanbornite. However, the 
doubt raised by Douglass’ work is probably still valid because of the 
similarity of the two powder patterns. 

A re-examination of the sub-system BaQO-2SiO.-2BaO-3SiO, has 
shown that there is actually little or no solid solution in the binary sys- 
tem but that other discrete phases occur. A complete discussion of this 
sub-system will appear in the Journal of Research of the National 
Bureau of Standards, 62, May 1959; RP 2953. 
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MELTING OF CALCITE IN THE PRESENCE OF WATER 


P. J. Wytiie anv O. F. Tutte, College of Mineral Industries, The 
Pennsylvania State University 


In a recent note in this journal Paterson (1958) described the partial 
melting of calcite in the presence of water and carbon dioxide at tem- 
peratures “around 900° C. to 1000° C.” at a total pressure of 50 bars. 
The ratio of water vapor to carbon dioxide in the system was not known. 

This note is to point out that a program designed to throw light on the 
origin of carbonatites has been underway for more than two years. The 
authors are investigating the phase relations in the system CaO-MgO- 
CO.-H20 as part of the overall program 'on carbonatites and calcite has 
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been partially melted at 740° C. in the presence of water vapor at a 
pressure of 1000 bars. In compositions on the CaO side of the calcite- 
water join in the system CaO-CO,-H,0, melting begins at 675+5° C. 
at the same pressure. The joins calcite-water, magnesite-water, and dolo- 
mite-water are being studied and, to illustrate the general nature of our 
results, we will describe briefly the phase relations in a portion of the 
system CaQ-CO.-H2O as deduced from runs completed in the join 
CaCO ;-H,O. These data were presented at the Annual Meeting of the 
Geological Society of America, St. Louis, Missouri, 1958 (Tuttle and 
Wyllie, 1958). 

Runs were made in small sealed platinum capsules containing meas- 
ured quantities of water and calcite, the calcite being in the form of a 
single cleavage rhomb. A preliminary isobaric equilibrium diagram for 
this join at a pressure of 1000 bars is given in Fig. 1A. The diagram is 
based on 200 runs determined in the temperature interval from 600° C. 
to 1200° C. and in the composition range from 10 to 100 weight per cent 


LIQUID 
at, 


LIQUID 


CaO COn 
Weight per cent 


Weight per cent 


A B 


Fie. 1. (A) Isobaric equilibrium diagram for the join calcite-water of the ternary system 
CaO-CO:-H20 at 1000 bars pressure. Cc—calcite; L—liquid; V—vapor. The diagram shows 
the phase fields intersected by the join at this pressure. When liquid and vapor co-exist 
their compositions do not lie in the plane of the section (See Fig. 2). 

(B) Schematic isobaric equilibrium diagram for the system CaO-COz at 1000 bars pres- 
sure. This is believed to represent the probable phase relations, although the positions of 


the isobaric invariant lines CaO-+liquid+CaCO; and CaCO;+liquid+ vapor are not vet 
known. : 
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calcite. The liquid developed along this join quenches to a white com- 
pacted powder, which is quite distinct from the transparent cleavage 
fragment initially sealed into the capsule. The powder consists of a 
mixture of dendritic calcite and Ca(OH)» (portlandite), the proportions 
of which indicate the composition of the liquid. Much information was 
obtained from the physical character of the platinum capsules and of the 
charges within the capsules at the end of each run. 

At a pressure of 1000 bars calcite begins to melt at 740° C; a small 
amount of calcite dissociates, thus releasing carbon dioxide to the vapor 
phase, and liquid develops from the CaO, CaCO and water vapor. Only 
a trace of liquid is developed at this temperature and for charges contain- 
ing less than 30 weight per cent water, the presence of liquid was not 
established. Within the three-phase region CaCO;+liquid+vapor the 
proportion of liquid developed at any temperature increases with in- 
creasing water content; for a charge of fixed composition the proportion 
of liquid increases with increasing temperature. 

Whenever vapor and liquid co-exist, their compositions do not lie on 
the join. For this reason it is difficult to discuss the phase relationships 
without reference to the ternary system CaO-CO:-H2,O. Vapor is 
apparently absent between 980° C. and 1200° C. for compositions con- 
taining less than 30 weight per cent water, and this part of the join is 
binary. As shown in Fig. 1A, a one-phase field of liquid is intersected by 
the join in this region. 

As an aid to understanding the experimental results in the ternary 
system CaO—CO,—H20, a schematic isobaric section through the 
PTX model of the binary system CaO—CO, is shown in Fig. 1B. These 
are the probable phase relations at 1000 bars. At this pressure calcite 
melts congruently and the congruent liquid must be heated well above 
the melting temperature before a vapor phase appears. It should be 
noted that two three-phase univariant surfaces are intersected at this 
pressure, one representing the equilibrium CaO+liquid+ CaCO; and 
the other CaCO3+liquid+vapor. The univariant surfaces intersect the 
isobaric section in straight invariant lines. As water is added to the binary 
system at constant pressure these invariant three-phase lines move into 
the isobaric three-dimensional ternary model and generate three- 
phase spaces which are bounded by three surfaces representing two- 
phase equilibria. For example, the invariant line CaCO;+liquid+ vapor 
becomes a three-phase space bounded by the surfaces CaCOs;+liquid, 
CaCO;+vapor, and liquid+vapor. The solid phases do not change in 
composition, but the compositions of the liquid and vapor become tern- 
ary. Each of the stability fields shown in the isobaric section of Fig. 
1B also extends into the isobaric prism when water is added as a third 
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component, and each becomes a space separated by the curved surfaces 
which are generated by the field boundaries of Fig. 1B as they move 
into the solid model. 

It is convenient to visualize the phase relations in the ternary isobaric 
prism by passing isothermal planes through the model. The isothermal 
intersection of a three-phase space is a triangle, with the composition of 
each phase given by the apices, and the intersections of the curved sur- 
faces separating the one and two-phase spaces are curved lines. 

Using the information obtained for the join CaCO;-H,0, it is possible 
to sketch the isobaric isothermal planes for the system CaO-CO.-H2O 
(Fig. 2). The three-phase triangie calcite+liquid+ vapor is bordered by 
two-phase fields of calcite+vapor, calcite+liquid, and liquid+vapor 
(Fig. 2B). A one-phase field of liquid, extending from the liquid corner 


2 a H,O (a0) 
(C) 900°C ; : (D) < 740°C ; 


Fic. 2. Schematic isobaric isothermal planes in the system CaO-CO.-H.O deduced from 
data determined for the join calcite-water. C—CaO; Ce—CaCO;; L—liquid; V—vapor. For 
compositions on the join calcite-water, melting begins at 740° C. when the calcite-vapor 
side of the three-phase triangle calcite+liquid+vapor crosses the join. The ternary isobaric 
variant temperature illustrated in (D) is 675+5°C 
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of the three-phase triangle, intersects the calcite-water join for tem- 
peratures above 980° C. At 980° C. (Fig. 2B) the calcite-liquid side of the 
three-phase triangle crosses the calcite-water join, and at lower tem- 
peratures the vapor deficient region of the ternary system is completely- 
within the area CaO-CaCO;-H.O. The liquid corner of the three- 
phase triangle is the locus of a liquidus field boundary which passes 
from a point in the binary system CaO-CObp (such as L in Fig. 1B) across 
the calcite-water join at about 30 weight per cent water at 980° C, 
(Fig. 2B) to the ternary isobaric invariant point indicated in Figure 2D. 
Here the last trace of liquid disappears. The temperature of this point 
is 675 +5° C. at 1000 bars pressure and 650+5° C. at 2000 bars pressure. 
In addition to the three-phase triangle calcite+liquid+vapor, there 
must be two other three-phase triangles in the system, CaO+calcite+ 
liquid and CaO+liquid+ vapor, which meet at the ternary isobaric in- 
variant point as shown in Fig. 2D. Below the invariant point the three 
triangles are replaced by one triangle in which the phases CaO+ calcite 
+ vapor are stable. The successive positions of the vapor corners of the 
three-phase triangles are not known, but with decreasing temperature 
they must change from pure carbon dioxide to almost pure water. At 
1000 bars pressure portlandite becomes stable in the binary system 
CaO-H:20 below 750° C. (Majumdar and Roy, 1956), so there must be a 
three-phase triangle CaO+Ca(OH)2+vapor in the space shown as 
CaO-+ vapor in Fig. 2D. This need not concern us in the present discus- 
sion. 

The temperature of beginning of melting of calcite for any composi- 
tion on the join calcite-water is the temperature at which the join inter- 
sects the three-phase region calcite+liquid+vapor. This temperature is 
just above the isobaric ternary invariant point in the system if the rela- 
tionships are as shown in Fig. 2D; it is believed to be the best interpreta- 
tion of the available data. The phase relations within the ternary sys- 
tem can be determined more accurately when runs for other joins are 
completed. The intersection of the join CaCQO3-H,O with the three- 
phase triangle CaCO;+liquid+vapor at 900° C. (Fig. 2C) shows how 
rapidly the proportion of liquid decreases as the percentage of water in 
the charge decreases. This probably explains why the presence of liquid 
at 750° C. was not established for charges containing less than 30 weight 
per cent water. At 750° C. the calcite-vapor side of the three-phase 
triangle must be almost coincident with the join CaCO3-H20. 

The vapor phase in Paterson’s experiments consisted of a mixture of 
carbon dioxide and water in unknown proportions. Melting would begin 
when the three-phase triangle calcite+liquid+vapor crosses the line 
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joining calcite to the composition of the vapor in the pressure vessel. This 
temperature would be lowered as the proportion of water in the vapor is 
increased. The phase relationships in the ternary system corresponding 
to the beginning of melting in Paterson’s experiments could correspond 
to the condition shown in Figs. 2B or 2C which would represent a tem- 
perature well above the minimum liquidus temperature in the ternary 
system CaOQ—CO,—H,0 at the same pressure. Paterson concluded that 
calcite, in the presence of water and carbon dioxide at a total pressure of 
50 bars, will melt some three to four hundred degrees below the melting 
point in the presence of carbon dioxide alone. Liquid develops at con- 
siderably lower temperatures (650° C.) at 2000 bars pressure within the 
system CaO-CO.-H20. 

The presence in many natural carbonate rocks of additional com- 
ponents such as alkalis would probably lower the melting temperatures 
further and increase the amount of liquid developed at low temperatures. 
Some carbonate liquids can be quenched to a glass by extremely rapid 
cooling, but in nature such rapid cooling is unlikely and evidence of 
melting in rocks will be difficult to find. 

The presence of even a trace of interstitial liquid in a rock will greatly 
modify its physical character and hasten the attainment of chemical 
equilibrium. The partial melting of carbonates in the presence of water 
vapor at temperatures as low as 650° C. and at pressures reached at 
relatively high levels in the earth’s crust has important petrological im- 
plications in regard to: 

(1) Emplacement of carbonatites. Many field geologists have long 
been convinced that carbonatites were emplaced as liquid magmas. 
Previous experimental data has suggested that the existence of car- 
bonatite liquids in nature was unlikely, but present results prove that 
carbonatite magmas can exist at moderate temperatures and pressures. 

(2) Deformation of limestones. The development of a small quantity 
of intergranular liquid in massive limestone would greatly facilitate its 
deformation. 

(3) Contact metamorphism of limestones. PT conditions at many igne- 
ous contacts must be suitable for the development of liquid in lime- 
stones. Moreover, there would sometimes be a continuous supply of 
water and other volatile materials passing from the igneous magma 
through the aureole; this would produce more melting than could occur 
in a closed system. The presence of liquid in an impure limestone would 
aid recrystallization and growth of new minerals. 

The carbonate dikes and carbonatite-like bodies associated with the 
skarn zones of limestone “granite” contacts may also represent intrusion 
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of carbonate liquid. Burnham (1958) has described dike-like masses of 
carbonate-microcline-oligoclase-quartz which grade outward from the 
contact to carbonate veins enclosing euhedral crystals of epidote. 
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Note added in press: Study of the system CaO-CO:-H2O has now been completed. 
The general relations deduced above have been confirmed experimentally at 1000 bars 
pressure, but some modifications are required because it was discovered that portlandite 
does not dissociate, but melts at 835 C., and calcite melts incongruently, rather than 
congruently. Detailed results will be published shortly. 


M.S.A. MEMBERSHIP NOTICE 


The Council authorized the preparation of an attractive notice to ad- 
vertise membership in our Society (Am. Mineral., 43, 1958, 350). The 
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reproduction presented herewith does not do full justice to the 9 by 12 
inch form on heavy stock, since it fails to show that the name and seal 
of our Society are done in red overprint. It is hoped that those in col- 
leges or universities or industrial laboratories or in other callings where 
a suitable bulletin board is available will drop a postal to the under- 
signed or the Treasurer requesting a copy for posting. The notice has a 
blank line on which it is intended will appear the name of a local indi- 
vidual who will be glad to sponsor new members. Membership forms 
are available from the Treasurer or any member of the membership 
Committee. One of the better ways to advance the mineralogical sciences 
is by the wider dissemination of our journal; thus please cooperate. 
The teaching profession should be interested in the following quotation 

paraphrased from a portion of a recent letter from Professor R. A. 
Hoppin: “It is good to get students interested in the American Mineralo- 
gist; they too can find much in it that will be useful. Once they get the 
habit of receiving it, they are very apt to continue their subscription on 
leaving school. On the other hand once outside the catalytic effect is 
gone in most cases and they probably won’t be interested in starting a 
new subscription. I know that I felt a certain pride the first time I re- 
ceived a professional journal. I started two publications under student 
rates. I have continued getting them although I doubt that I would 
have subscribed to them later at the regular rate.” 

D. JEROME FISHER, Chairman 

Membership Committee 

(see page 459, this issue) 


(Note by editor: Drs. D. J. Fisher and A. A. Levinson are responsible 
for the design of the membership notice.) 


INTERNATIONAL MINERALOGICAL ASSOCIATION 


The first general meeting of the IMA since its foundation last year in 
Madrid, will be held in Ziirich, Switzerland, from Monday, August 31 
to Thursday, September 3, 1959, and will have a full program. This in- 
cludes meetings of the Commissions dealing with Abstracts, Mineral 
Data, Museums, and New Minerals, most of which will be assembled 
for the first time. The business meeting of delegates (at which represen- 
tatives from at least 16 nations are expected) will have to deal with cer- 
tain extensions and modifications of the constitution, prepared by the 
Executive Committee at a meeting held in Ziirich from January 19 to 22, 
1959 and attended by five members (Amoros, Fisher, Onorato, Parker, 
Wickman). 

Two symposia will be held during the general meeting. The first of 
these (September 1 and 2) will deal with Alpine Fissure Minerals 
[Speakers: Epprecht, (Ziirich), Fagnani, (Milan), Grigoriev, (Lenin- 
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grad), Laves, (Ziirich), Lietz, (Hamburg), Lovering, (Denver), and 
Parker, (Ziirich)]. The second (September 3, Chairman: Professor M. ‘Thc 
Buerger) will have Twinning as its topic [Speakers: Amoros, (Madrid), 
Buerger, (Cambridge, Mass.), Curien, (Paris), Donnay, (Baltimore), 
Holser, (La Habra, Cal.), Ito, (Tokyo), and a Russian speaker]. 

Two concurrent field excursions are planned from Friday, September 4 
until Monday, September 7 (inclusive). Of these the “East”? Excursion 
under the leadership of Professors Staub and Burri and others will visit 
the Géschener Alps (Granites of the Aar Massif), the mineralized mar- 
bles of Castione, the Region of San Bernardino and Maloja in the En- 
gadin, the granite of Val Bregaglia (Bergell) with pegmatites and 
injection phenomena, and finally the manganese ore deposits of Falotta 
with characteristic minerals such as tinzenite (Mn-axinite), etc. 

The “West” Excursion to be led by Professor Ernt Niggli (Bern) and 
others will go from Ziirich via Luzern and the Grimsel Pass (granites, 
gneisses, etc. of the Aar Massif) to Binn (rare sulfosalts in dolomite), 
thence to Andermatt and Val Maighels (garnetiferous lime-silicate 
rocks), Sedrun (Alpine fissure mineral deposits), and the Lukmanier 
Pass (metamorphic rocks and minerals). 

Attendance at the symposia will be open to all, as will participation 
in the excursions, though priority in registering for the latter must be 
given to the delegates and others attending the General meeting in an 
official capacity. A more detailed program will be obtainable in the near 
future from the Secretary of the IMA, Professor J. L. Amoros, Museo de 
Ciencias Naturales, Castellana 84, Madrid, Spain. 


FREQUENCY CONTROL SYMPOSIUM 


The 13th annual Frequency Control Symposium, sponsored by the Signal Research 
and Development Laboratory, will be held May 12-14 at the Berkeley-Carteret Hotel, 
Asbury Park, New Jersey. A total of 62 technical papers will be presented. 

The sessions will be concerned with the fundamental properties of quartz, piezoelectric 
resonators, crystal measurements, stable oscillator circuits, ultra precision crystals, crystal 
standards, frequency synthesis and measurements, precision filters, atomic and molecular 
beam devices, and gas cells. 


CONFERENCE ON APPLICATIONS OF X-Ray ANALYSIS 


The eighth annual conference on Applications of X-Ray Analysis, sponsored by the 
Metallurgy Division of the Denver Research Institute of the University of Denver, will 
be held August 12-14 at the Stanley Hotel, Estes Park, Colorado. The deadline for titles 
and author information is May 1, 1959. Conference Chairman: William M. Mueller, 
Denver Research Institute, University of Denver, Denver 10, Colorado. 


ERRATUM 


In the January-February, 1959 issue of The American Mineralogist, page 5, the d spac- 
ing for hkl=411 (Table 1) should read 1.299 instead of 1.229. 


BOOK REVIEWS 


HANDBOOK OF CHEMICAL MICROSCOPY, Volume 1. Principles and Use of Micro- 
scopes and Accessories. Physical Methods for the Study of Chemical Problems. Third 
Edition, by Emme Monnrn Cuamot and Crype WaLtTer Mason. John Wiley and 
Sons, Inc., New York, N. Y., 1958. xii+-502 pages, 1 fold-in color plate Michel-Levy 
scale of birefringence, 125 Figures, Price, $14.00. 


Mineralogists, particularly those engaged in the study of chemicals, ceramic and simi- 
lar products, will welcome the Third Edition of this well-known and most useful handbook. 
From a practical point of view, this book has two important and distinguishing features: 
(1) It contains many suggestions and remedies for the everyday as well as the unusual prob- 
lems which face the practicing microscopist, and (2) It has several thousand literature refer- 
ences, many to special problems and applications, all arranged in convenient footnote form. 

Several of the chapters of the Third Edition under review have been revised and mod- 
ernized to a great extent from the previous edition (published in 1938); but, in some chap- 
ters, very few changes have been made. This edition contains a short chapter on the electron 
microscope. The discussion of the relation of optical properties to structure of crystals and 
ageregates has been enlarged and given chapter status; the added material is mostly basic 
crystallography. Newer techniques, such as phase contrast microscopy, are conveniently 
added to previously existing chapters. 

In any attempt to completely modernize a textbook some of the older materia] might be 
expected to survive and we have no exception here. The reader will find several illustra- 
tions of somewhat antiquated equipment. In general, the illustrations are well chosen but 
this reviewer believes the petrographic microscope deserves more than a three inch sketch 
(of an older model) especially when, for example, a photographic eyepiece and attached 
camera receive about one-half page. Some examples of past eras are still to be found within 
the text; for example, we might infer (p. 275) that the “cap” analyzer is still rather com- 
monly used. These points are minor especially when we consider that literature references 
as late as 1958 are included. 

The entire subject of optical crystallography is covered in about 50 pages, distributed 
among several chapters, in an order which would be unappealing to most mineralogists. Al- 
though all important subjects are covered, many are quite sketchy. The authors, however, 
do not intend their coverage to be adequate for all workers in the field and refer the reader 
to standard texts, many of them mineralogical. A new feature of the Third Edition is the 
Michel-Levy scale of birefringence provided by the Bausch and Lomb Optical Company 
and adapted from “Optical Mineralogy” by Rogers and Kerr. Unfortunately, the mineral 
names on the chart by Rogers and Kerr have been removed resulting in a chart with neither 
minerals nor chemical compounds illustrating the various birefringences. Under any con- 
dition, the usefulness of a Michel-Levy birefringence chart in this book is questionable. 

There can be no doubt, however, that this book will be, quite deservedly, well received 
and continue to be one of the most widely used on the subject. In the opinion of the re- 
viewer, this book illustrates the fact that mineralogists, with their superior training in 
petrographic methods, are far better equipped to tackle many problems in the general 
areas of chemical microscopy than are microscopists entering the field from other sciences. 
Teachers of optical mineralogy would do well to impress upon their students the value of 
the polarizing microscope in the ever increasingly important study of textiles, polymers, 
pigments, and other organic and inorganic materials of interest to industry. 

A. A. LEVINSON 
Dow Chemical Company 
Freeport, Texas 
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GRUNDZUGE DER LITHOLOGIE; Lehre von den Sedimentgesteinen. By L. B. RucHin, 
edited in the German edition by A. Schuller; translated from the Russian by J. Bar- 


nitzke. 806 pages, 304 illustrations, 46 tables. Akademie-Verlag, Mohrenstrasse 39, 
Berlin W 8. 56 DM. 1958. 


In translating this work from Russian to German, the editor and translator have made 
a valuable work more readily available to European and American geologists and in the 
course of this service have completed an outstanding job of organizing and presenting a 
vast amount of information on sedimentary 10cks. Reportedly French and Chinese trans- 
lations of this work also have been prepared. For 25 years the author has been associated 
with the Geological Faculty of Leningrad University, at which he presently is Professor. 
The book has been awarded the State Prize of the USSR. 

Fundamentally the book deals with the development of sedimentary regions and their 
relationships to the preceding tectonic history, with special reference to erosional and dep- 
ositional features. In the developing of this theme, the author has organized his materia] in 
five parts: I. Sedimentary rocks; II. Stages and conditions for the formation of sedimentary 
rocks; III. Facies and methods of facies analysis; IV. Sedimentary formations, and V. The 
present geologic epoch and its sedimentary deposition. Probably the only United States 
book of comparable plan and scope is “Stratigraphy and Sedimentation’’ by Krumbein and 
Sloss (W. H. Freeman and Co.). 

Topics discussed in Part I include: lithology as a science, divisions of sedimentary rocks, 
clastic rocks, argillaceous rocks, chemical and organic sedimentary rocks, and sedimentary 
rocks as geologic units. In Part II are included discussions of weathering, transportation, 
deposition, consolidation, and the most important theories on the formation of sedimentary 
rocks. The section on facies is divided into chapters on general characteristics, and field 
and laboratory methods of facies analysis. Part IV includes descriptions of formations and 
their distribution, the most important geosynclinal formations, tectonically affected forma- 
tions in transitional regions, tectonically affected formations on shelves, some laws in the 
formation of sedimentary formations. The last part deals with the topics, recent ocean 
sediments, recent deposits in marine geosynclinal basins, recent deposits on submarine 
shelves, recent lagoonal] deposits, recent continental deposits in low relief regions under a 
moist temperate climate, recent continental deposits in low relief regions under a hot arid 
climate, recent continental deposits in mountains, and general characteristics of the 
present geologic epoch and its deposits. These subject titles (28 chapters) serve as a sample 
of the coverage of the work. 

Charts, diagrams, and line drawings are adequate to good throughout, but reproduc- 
tions of photographs are generally drab and detail-poor. The list of references includes 161 
entries, given first in Russian, followed by the German translation. A very high percentage 
of the references is to Russian publications. There are two indexes—author and subject. 

The American student of sedimentary rocks and processes will look in vain for reference 
to some of the familiar publications in English and to classic examples with which he is 
familiar. It is in this substitution of European (and particularly of Russian) ideas, examples, 
and references that the monograph will be of especial value to all serious workers in sedi- 
mentary petrogenesis in this country. To the relatively scanty library of general works in 
this field, its availability is welcome and its inclusion is desirable. 

E. Wm. HEINRICH 
The University of Michigan 


NEW MINERAL NAMES 
Uramphite 


z. A. Nexrasova. A hydrous uranyl ammonium phosphate (uramphite), NHs(UO2) 
(POs) -3H20. Voprosy geologii urana, Atomizdat, 1957, p. 67-72; from a translation by Con- 
sultants Bureau 1958, p. 56-60. 


A microchemical analysis by R. P. Khodzhaevaya gave UO; 68.70, P20; 15.63, NH 
4.60, H.O 11.00, sum 99.93%, giving the ratio P2O0;: UO3: NHs: HzO =1:2.2:2.3:5.5, or 
NH,(UO2) (PO,) -3H2O. The mineral is easily soluble in weak cold HCl and in weak warm 
HNOs. D.T.A. study shows endothermal breaks at 150° (loss of HO) and 500° (loss of NH 
and destruction of crystal lattice), and an exothermic break, at 630° (crystallization of ura- 
nium pyrophosphate). Fluoresces medium yellow-green; the intensity of fluorescence de- 
creases as the mineral is heated and vanishes when the mineral is heated at 500° for a long 
time. 

Color bottle-green to pale green, luster vitreous. G. 3.7. Cleavage rather distinct in two 
directions. Optically negative, 2V 0-3°, a 1.564, B= 1.585. Pleochroism X colorless, Y and 
Z pale green. 

X-ray powder data are given for uramphite and for the synthetic material (method of 
synthesis not stated); 77 lines are given. The strongest lines are 3.78 (10), 2.22 (9), 1.694 
(9-8), 2.75 (8), 2.12 (8), 3.24 (7), 1.399 (7), 1.267 (7). ; 

The mineral occurs in the oxidized zone of a uranium-coal deposit in fractures in the 
coal 20-50 m. below the surface. The locality is not stated, as usual. The mineral occurs in 
square tablets (up to 0.2X0.2 mm.), in small rosettes, and as lichen-like deposits. 

The name is for the composition. 

Discuss1on.—Perhaps a member of the meta-autunite or meta-torbernite groups. 

MIcHAEL FLEISCHER 


Ursilite (Calcium ursilite, Magnesium ursilite) 


A. A. CHERNIKOV, O. V. KruMETsKAya, and V. D. SmeEL’NiKova. Ursilite—a new sili- 


cate of uranium. Voprosy geologit urana, 1957, p. 73-77; from a translation by Consultants 
Bureau 1958, p. 61-65. 


Analyses (by O.V.K. and V.D.S.) are given of four samples. 


1 D, 3 4 
SiO» 26.90 26.67 26.92 26.80 
Al.Os 0.24 — — — 
FeO; 0.13 ORT 0.14 — 
CaO Soils 6.67 6.31 0.79 
MgO 0.95 1555; 2.49 6.72 
KO none — none none 
Na,O none — none none 
UO; 50.57 49 .80 50.40 SWESY 
H.0- 8.83 £9535) — = 
H,OF 6.90 5.83 14.7 14.9 


Total 100.278 99 .09» 100.96 ORS 


® Given as 100.33. 
b Given as 99.12. 
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These give for the ratios 


(CaO+Meg0) UO; S102 Total H.O 
(1) 0.72 1.00 Des) 3) 
(2) 0.9 1.00 DOS 4.5 
(3) 1.0 1.00 7-838) 4.7 
(4) 1.08 1.00 ZOO Sisil 


These correspond to 2(Ca, Mg) 0.2UO;- 5SiO2: 9-10H20, with Ca predominant in Nos. 
1-3 (calcium ursilite), Mg in No. 4 (magnesium ursilite). The mineral is easily soluble in 
acids, especially when warm, and yields silica gel. It turns black when heated. 

The mineral is lemon-yellow and fluoresces greenish-yellow under ultra-violet light. 
Brittle, hardness 3. G. (pycnometer) 3.034 (calcium ursilite), 3.254 (magnesium ursilite). 
Optically biaxial, negative, indices alpha 1.548, gamma 1.556 (calcium ursilite), alpha 1.543, 
gamma 1.550 (magnesium ursilite). Extinction parallel, elongation positive. Weakly pleo- 
chroic with X pale green, Z green. 

X-ray powder data are given for the material of analyses no. 1 (35 lines) and no. 4 (10 
lines); these agree closely. The strongest lines are for calcium ursilite: 3.37 (10), 3.02 (10), 
4.56 (9), 1.828 (9), 1.158 (9), 1.120 (9), 5.04 (8), 1.562 (8) 1.378 (8), 1.345 (8), 1.075 (8), 
1.054 (8), 2.63 (7), 2.51 (7), 2.22 (7), 1.038 (7); for magnesium ursilite 4.98 (10), 3.06 (10), 
2.30 (9), 2.07 (9), 4.58 (8), 3.37 (8), 2.42 (6), 1.981 (6), 1.798 (6). 

The mineral occurs as earthy or nodular incrustations, rarely in radiating spherulites, 
along joints in quartz porphyries, associated with kaolinite and calcite, and rarely with 
uranophane, sklodowskite, and kasolite. The locality is not given. 

The name is for the composition. 

Discussion.—The optical properties are very different from those of the calcium uranyl 
silicates uranophane and beta-uranophane and the magnesium urany] silicate sklodowskite. 
The nearly identical optics and «-ray powder patterns of the Ca and Mg minerals are sur- 


prising, and further study, especially of crystal structure, is highly desirable. 
M. F. 


Woodfordite 


Josepn Murpocy AND RosBert A. CHALMERS. Woodfordite, a new mineral from Crest- 
more, California. Bull. Geol. Soc. Am., 69, p. 1620-1621 (1958) (abs.). 


Woodfordite occurs at the 910 ft. level of the Commercial Quarry, Crestmore, Cali 
fornia, associated with afwillite and calcite in veins cutting massive contact rock. Analysis 
(not given) leads to approximately 2Ca[(SiOs)0.15(CO2)0.2(SOs) 0.65] *2Ca(OH)2° Al(OH)s- 
10H2O (CO; error for CO;? M.F.). Readily soluble in HCl, usually with slight effervescence. 
When heated, loses water readily, turns white and fibrous, but apparently does not fuse. 

Transparent, colorless, hardness 2.5, G. 1.85. Optically uniaxial, negative, w 1.465, « 
1.455. 

Hexagonal, in prisms, with (1010) dominant, (0001) normally present, (1012) sometimes 
present, (7078) (?) usual. Cleavage prismatic perfect. X-ray study shows P63; or P63/m, 
ao 22.32, cy 21 .33A. The strongest lines are in A., 9.67-10, 5.6-9, 3.88-6, 2.568-6, 2.204-6. 

The name is for Professor A. O. Woodford of Pomona College who found the mineral. 

Discussion.—This is close in composition and physical properties to ettringite. The 
compositions may be compared: 
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Ettringite—CaAl2(SOx)3(OH)12 2 26H20 
Woodfordite—CagAlh..5(SOx, SiOs;, CO3)3(OH)10.5° 15H,O 


Heinrichite, Meta-heinrichite 
Sandbergerite, Meta-sandbergerite 


E. B. Gross, A. S. Corry, R. S. MircHELL, AND-KurT WALENTA. Heinrichite and 
meta-heinrichite, hydrated barium uranyl arsenate minerals. Am. Mineral., 43, 1134-1143 
(1958). 

Arsenuranocircite 

L. N. Berova. Arsenuranocircite, Ba(UO2)2(AsO.)2° 8H2O. Proc. 2nd Geneva Conf. on 

Peaceful Uses of Atomic Energy, 1958, vol. 2, p. 294. 


The data from the Russian paper are as follows: Analysis by Y. S. Nesterova and L. E. 
Novorossova gave BaO (givenas Ba, but the mol. ratio indicates this to be BaO M.F.) 12.99, 
As»O5 23.46, UO; 50.03, HO 12.00, sum 98.48%. Occurs in a pitchblende-molybdenite de- 
posit as large tabular light green plates associated with metazeunerite and barium urano- 
phane. Brightly fluorescent, like uranocircite. Optically uniaxial, negative, w 1.632, ¢ 
1.623. Unindexed «x-ray powder data are given; (43 lines); the strongest are 9.82 (8), 3.68 
(8), 1.461 (8), 8.64 (5), 4.04 (5), 2.20 (5), 1.656 (5). ; 

Discussion.—The identity of “arsenuranocircite’ with meta-heinrichite is evident, 
despite the discrepancies in birefringence and «x-ray spacings. The use of three different 
names appearing almost simultaneously is unfortunate; it is not clear which has priority. 
The names heinrichite and meta-heinrichite first appeared in a note by Walenta in Der 
Aufschluss, 9, No. 10, p. 247-248, October, 1958. The name sandbergerite has been dropped 
by mutual agreement, which leaves a choice between heinrichite and arsenuranocircite 
(the mineral described should have been called meta-arsenuranocircite). The description 
of heinrichite is much more complete. 

M. F: 


Meta-Kirchheimerite 


K. WaLEnrT<A. Die sekundaren Uranmineralien des Schwarzwaldes. Preliminary report, 
Techn. Hochschule, Stuligart, 1958, from an abstract in Bull. soc. franc. mineral. et. crist., 81. 
p- 67-68 (1958). 


A member of the meta-torbernite group, probably Co(UQz)s2(AsOx)2: 8H20. Microchem- 
ical analysis showed major Co, U, and As, a little Fe, and traces of Ni. In pale rose crusts 
and tabular crystals. Cleavage (001) excellent. Luster pearly on the cleavage. Hardness 
2-23. G. above 3.33. Optically uniaxial to biaxial, negative, 2V 0-20°. Color greenish-yellow 
to colorless, not pleochroic, w 1.644, € 1.617 (both + 0.002). 

The strongest «-ray lines are 8.55 (10), 3.56 (10), 5.07 (6), 4.30 (6), 3.00 (6), 3.41 (5), 
Desi) 

Occurs in the Sophia shaft at Wittichen, Baden, on pitchblende. It is associated with 
meta-kahlerite, novacekite, meta-heinrichite, and erythrite. 

The name is for F. Kirchheimer, director of the Geologisches Landesamt fiir Wurttem- 
berg-Baden. 

Mls 18; 
Barium uranophane 


L. N. BeLova. Barium uranophane. Proc. 2nd Internatt. Conf. Peaceful Uses of Atomic 
Energy, Geneva, 1958, v. 2, p. 295. 


The mineral occurs in crusts and thin crystals associated with arsenuranocircite and 
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relicts of pitchblende, soddyite, uranophane, and metazeunerite near a large fault filled by 
thick barite veins. The crystals have pyramidal terminations. They are bright yellow; 
fluorescence in ultra-violet green-yellow, a little more intense than normal uranophane. 

There was not enough material for chemical analysis. Semiquantitative spectrographic 
analysis by L. N. Indichenko showed Ba, U, Sin%, Mo, Al, Ca-0.n%, Mg, Zn-0.0n%, 
Ti-0.00n%. 

The mineral is biaxial, positive, a 1.797, 8 1.818, y 1.820, extinction c:y=10-14°. 

X-ray powder data (19 lines) are given; the strongest lines are 7.93 (8), 3.99 (6), 2.14 
(5), 1.997 (6), 3.58 (4), 3.38 (4), 2.88 (4), 2.23 (4). ‘The «-ray data are very similar to those 


of other uranium silicates, especially of cuprosklodowskite.”’ 


Discussron.—Needs further study. 


Sinicite 


Ho CuEen-Tsi AND CHUN CHI-CHEN. Sinicite, a new mineral, a uranium-bearing titan- 


_ ate. Kasywa Tunbao (“Scientia”) 1957, No. 12, p. 378; from an abstract by E. M. Bonsh- 


tedt-Kupletskaya in Zapiski Vses. Mineral. Obshch., 87, No. 4, p. 479 (1958). 


The mineral is blackish-brown to reddish-brown, streak reddish-brown, luster resinous. 
Hardness about 6, very brittle, fracture conchoidal. G. 4.919-4.976. 
Analyses gave: 


Blackish- Reddish- Blackish- Reddish- 

brown brown brown brown 
MgO 0.33 0.55 ThOs 8.29 7.93 
CaO 1.20 1.36 UO; 5.98 6.83 
PbO 0.84 — TiO2 24.96 
MnO 0.15 0.12 Nb.O; 20.85 47.48 
FeO none — Ta205 Dans) 
FeO; 4.44 3.62 H2,0- QsAil 0.85 
AlO3 1.81 2.08 HOF De5S Sao! 
Ce203 Wo 5.74 Si02 0.59 0.31 
[Ce]203 10.87 11.40 — = 
ly}, 6.91 7D 100.50 98.91 


The formula is given as 
2RO-4R203:ThO::3(Nb, Ta)205 


The material, heated at 1000° for 2 hours, gave an «-ray pattern with lines (in A.): 2.94 
(10), 1.63 (8), 1.58 (6), 3.04 (4), 2.56, 2.45, 2.04, 1.92, 1.81 (2), 1.74 (1). 

Occurs in a granite pegmatite in China in the zone of coarse feldspar and mica, asso- 
ciated also with quartz, biotite, muscovite, topaz, fluorite, tourmaline, and beryl. 

Discusston.—Comparison with the many other minerals of similar composition is 


needed. 
M. F. 


Seidozerite 
E. I. Semenov, M. E. Kazaxova, AND V. I. Smonov. A new zirconium mineral, seido- 
zerite, and other minerals of the wohlerite group in alkalic pegmetites. Zapiski Vses. Min- 
eralog. Obshch., 87, No. 5, p. 590-597 (1958) (in Russian). 
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Analysis by M. E. K. gave SiO» 31.40, ZrO: 23.14, TiOz 13.16, Nb:O; 0.60, AlsO3 1.38, 
FeO; 2.85, FeO 1.06, MnO 4.22, MgO 1.79, CaO 2.80, NazO 14.55, H20 0.60, F 3. 56, sum 
101.11%—(O=F»2) 1.49= 09.62%. This corresponds to 


Nai.79Cao.i9Mno.23Mg0.17F eo, 06 Feo, 13,” Alo.10ZYo. 72 io. aN bo. 02120 (Fo. 7200.28) 


(Note—should be (OH) o.:5 M.F.) or approximately Na:Mno.5(Zr, Ti)1.sSizOsF. This is com- 
pared to the formulas of other members of the wéhlerite group; it is close to titanolavenite, 
but has much less calcium. X-ray spectrographic analysis by I. D. Shevaleevskii gave 
ZrO» 23, H{O2 0.4%; spectrographic analysis showed traces of Pb, Sn, Cr, Be, and Ga. Dis- 
solves with difficulty in HCl. Fuses easily before the blowpipe. 

An x-ray study by V. I .Simonov and N. V. Belov, Doklady Akad. Nauk S.S.S.R. 122, 
473-476 (1958) suggests that the formula should be written as 


NasMnTi (Zr, 5 Lio, 5)O(F, OH) (SixO7)2. 


Seidozerite is monoclinic, occurring in radiating crystals up to 5X1 cm. in size. Mono- 
clinic, forms noted ¢(001), a(100), e(203), (010), d(011), p(111); goniometric data gave 
a:b:c=0.780:1.00:2.601, 8102°43’. Rotation diagrams gave space group C.2—Pc or Cop* 
—P2/c, (test for piezo-electricity negative), @ 5.53+0.03, bo 7.10+0.04, co 18.30+0.1A., 
B 102°43’, a:b:c=0.779:1.00:2.58, Z=4. (Note—the orientation differs from that generally 
given for members of this group: @o=4a, bo)=c, co=24b. M.F:). Cleavage perfect (001). 
X-ray powder data by N. N. Sludsko are given; the strongest lines are 2.89 (10), 2.83 (9), 
SEAN) S297), 2.001) ple 926) 

The mineral is brownish-red to reddish-yellow in small fragments, translucent with red 
color. Luster strong, vitreous. Brittle. Hardness 4-5, G. 3.472., 3.87 (calcd. from «x-ray data). 
Optically biaxial, positive, with x 1.725, 6 1.758, y 1.830, 2V 68°, plane of optic axes parallel 
(001), X=b, Z=a, Y:c=13°. Strong dispersion of optic axes, 7>v. Pleochroism intense, 
X dark red, Y red, Z light yellow; absorption X > Y >Z. 

The mineral has been found in four nepheline syenite pegmatites of the Muruai and Uel’- 
kuai Rivers, Seidozero region, Lovozero massif, Kola Peninsula, where it occurs with micro- 
cline, aegirine, nepheline, apatite, pyrochlore, magnetite, ilmenite, titanolavenite, and eudi- 
alyte. It is replaced by minerals of the catapleiite type. 

The name is for the region. 

Discuss1on.—A member of the wéhlerite group. The entire group needs a thorough 
x-ray study. 

M. F. 


Unnamed 


L. S. Rupnitskaya. Calcium uranium molybdate, Ca(UO:)3(MoO,)3(OH).:8H2O 
Proc. 2nd Internal. Conf. Peaceful Uses of Atomic Energy, Geneva, 1958, 2, 286. 


The mineral occurs as elongated prismatic crystals forming sheaf-like radiating aggre- 
gates up to 1.5 mm. long. It has a rich yellow color, with a honey tint. Fluorescence yellow- 
green, a bit brighter than that of uranophane. ns above 1.758; pleochroic with Z bright 
yellow, X nearly colorless. Microchemical analysis gave UO; 61.26, MoO; 19.90, CaO 4.63, 
SiOz 3.86, H:O 10.90, sum 100.55%; corrected after deducting uranophane, UO; 58.65, 
MoO; 27.20, CaO 3.91, HO 10.21, sum 99.97%. Spectrographic analysis showed also 0.01- 
0.1% Fe and As and traces of Al. Readily attacked by dilute HCl. and HNO3. 

X-ray powder data (16 lines) are given; the strongest are 7. = (10), 3.21 (8), 3.89 (6), 
8.34 (5), 1.99 (5), 1.855 (4). 

The mineral occurs in the lower part of the oxidation zone of hydrothermal uranium- 
molybdenum veinlets (locality not given). 


M. F. 
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Chalcopentlandite 


Hans Pauty. Igdlukunguag nickeliferous pyrrhotite, texture and composition. A con- 
tribution to the genesis of the ore type. Meddelelser om Gronland, 157, No. 3, 1-167 (1958). 


The name chalcopentlandite is given to an assumed high-temperature phase, now repre- 
sented by a two phase aggregate of chalcopyrite (perhaps 10%) in pentlandite, and believed 
to have been formed by exsolution. Some areas were found by microscopic study (no x-ray 
data!) that might be “untransformed chalcopentlandite.” 

M. F. 


Simplotite 
M. E. Tuompson, C. H. Roacu, AND Ropert Meyrowirz. Am. Mineral., 43, 16-24 
(1958). 
Santafeite 
MING-SHAN SuN AND R. H. WEBER. Am. Mineral., 43, 677-687 (1958). 
Sherwoodite 
M. E. Tuompson, C. H. Roacu, aNp RoBert Meyrowitz. Am. Mineral., 43, 749-755 
(1958). 
Eskolaite 
Oxravi Kuovo AND YRJO VUORELAINEN. Am. Mineral., 43, 1098-1106 (1958). 
Ajoite 
W. T. SCHALLER AND A. C. Vutsipis. Am. Mineral., 43, 1107-1111 (1958). 


Chavesite 
JosrepH Murpocu. Am. Mineral., 43, 1148-1156 (1958). 


NEW DATA 
Messelite, Neomesselite 


F. Ceca Anp K. PapERA. Messelit aus den Phosphatnestern im Granit bei Pribyslavice 
(Bohmen) und das Messelitproblem. Chem. der Erde, 19, No. 4, 436-449 (1958). 


Messelite was described from Messel, Hesse, by Muthmann in 1890 as Ca2(Fe, 
Mg)(POx)2:24H:0. In 1940, Wolfe (Am. Mineral., 25, 738-753, 787-809 (1940)) re-ex- 
amined type material and showed that it was a mixture of two minerals, namely anapaite 
plus a mineral he thought to be collinsite. Frondel (Am. Mineral., 40, 828-833 (1955) 
found a mineral at Palermo, N. H., that corresponded in composition with messelite and 
gave it the name neomesselite. 

Restudy of material from the type locality by optical and x-ray methods now shows 
that the major constituent is identical with the neomesselite of Frondel; this mineral is 
rimmed by anapaite. Data are also given for samples from Czechoslovakia and Kazakhstan. 

Discussion.—Which name to keep is a problem; the authors, in agreement with 
Professor Strunz, consider that messelite should be retained, since this was the major con- 
stituent of the mixture probably studied by Muthmann. I agree; the name neomesselite 


should be dropped. 
M. F. 


Taramellite 


Fiorenzo Mazzt. Riesame della taramellite. Atti soc. tosc. sci. nat., ser. A, v. 64, p. 
237-245 (1957). 
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Re-analysis of taramellite (Tacconi, 1908) showed that the presence of Ti had been 
overlooked. A new analysis on material dried at 110° gave SiO, 33.9, TiO: 7.7, Fe:O3 
12.2, FeO 3.7, MgO 0.8, BaO 37.5, CaO 1.1, NasO 0.8, K:O 0.1, H:O* 2.1, sum 99.9%. 
This corresponds to (Ba, Ca, Na)a(Fe’’, Mg) Fes!’ Ti(SisO12) (OH)4, with a little Ti replacing 
Si. X-ray study showed the mineral to be orthorhombic with ao 7.05, bo 13. 95, co 12. o1A 
(all 40.5%), Z=2. Space group C2x7(Pnm2, or Pn2im) or Dy)8(Pnmm). The mineral 
is apparently to be classed as a sorosilicate. 


M. F. 
Bismutoferrite, Chapmanite 
Cuarwes Mitton, J. M. AXELRop, AND BLANCHE INGRAM. Am. Mineral., 43, 656-670 
(1958). 
Roscherite 
M. L. LinpBerc. Am. Mineral., 43, 824-838 (1958). 


DISCREDITED MINERALS 
Truscottite (= Reyerite) 

H. Srrunz, AND H. MIcHEELSEN. Calcium-Phyllosilikate. Nalurwissenschaften, 21, 
515-516 (1958). 

In this preliminary note, it is stated that chemical, ated and «-ray powder data 
show the identity of truscottite (Hovig, 1914) with reyerite (Cornu and Himmelbauer, 
1907). Reyerite has space group Cx:!—C3, a 9.73, co 18.72 A, idealized formula 
Ca(OH) 5SiisOz, Z=2. Mackay and Taylor, Mineralog. Mag., 30, 450-457 (1954) found 
for truscottite @ 9.72, ¢ 18.71 A, unit cell contents near Cai2(OH)12Si2sO53. 

M. FE: 
Centrallasite (= Gyrolite) 

H. Srrunz, AND H. MICHEELSEN. Calcium-Phyllosilikate. Natwrwissehschaften, 21, 

515-516 (1958). 


Centrallasite (How, 1859) is stated to be identical with gyrolite (Anderson, 1851), as 
previously reported by Bannister (private communication to M. H. Hey, Chemical Index 
of Minerals). Gyrolite is hexagonal] with ao 9.80, cy 22.08 A. Mackay and Taylor, Mineralog. 
Mag., 30, 80-91 (1953) found it to be trigonal with ao 9.72, co 6X 22.13 A. It is suggested 
that perhaps two modifications exist. 


M. F. 
Radiophyllite (= Zeophyllite) 


H. Strunz, AND H. MicHEELSEN. Calcium-Phyllosilikate. Naturwissenschaften, 21, 
515-516 (1958). 


It is stated that chemical, optical, and «-ray study show radiophyllite (Brauns and 
Brauns, 1924) to be identical with zeophyllite (Pelikan, 1902). 


Mike 
Hypochlorite (Bismutoferrite + Quartz) 


CuarLES Mitton, J. M. AXELROD, AND BLANCHE INGRAM. Am. Mineral., 43, 656-670 
(1958). 


M. F. 
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~~ Rutile. Norway or Mexico. Nearly pure, red brown 


RECENT ACQUISITIONS IN- 
BULK MINERALS AND ROCKS ~ 


These are Sst a few of the many new items thea we have pipe in recent. 
months in order to better serve the growing demand for the best in bulk minerals” 
and rocks for teaching, laboratory instruction or research work. (For the com- 
plete listing to supplement catalog 583, write for ee S Miner! ‘Department 
Specimen Seas eee 1959) AS Seen ; 


Analcime. CalifaSmall xls in rock ~ : ies 
Ancylite. Montana. Crystalline 
Atacamite. Australia. Crystalline 
Cancrinite. Ontario. Crystalline pink | 6 : oe 
Cancrinite, Maine. Yellow in syenite— ead 
Cassiterite. Wash. Massive in andalusite se 

Corundum. Transvaal. Massive, nearly pure — 

Cryolite. Greenland. Pure white-masses 

~ Dumottierite. Nevada. Lilac colored masses ~ 

Gadolinite. Norway. Black massive in feldspar ; : ss 
Garnet. (Andradite). Ariz. Greenish crystallized oe g 
Helvite. N.M. Yellow-brown in rock a at z ~ 
-Hemimorphite. Penna. Brown xline 
Idocrase. (Vesuvianite). Me. Brown xline : ae 
Illite. N.Y. Shale containing 85% illite _ : 
Petalite. Rhodesia. White cleavable 

Pyroxene. (Hedenbergite). Mont. Green xline 


Basalt. Lintz, Germany. Dense, black, some olivine aggregates Seer & 30.48 
_-Chert breccia. Okla, Gray chert in dark matrix : co SS! See 
Graywacke. Ontario. Dark colored : ae : ers 


REFERENCE CLAY MINERALS —~CS 


An excellent suite of reference samples of important clays which can serve for purposes of 
comparison in the general field of clay mineralogy. Included in the suite are: hallorsite® 
kaolinite, dickite, montmorillonite, metabentonite, illite and Syppiie 
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All prices are list at Rochester, N.Y. Rese 
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